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EXECUTIVE SUMMARY1

1.1 Backefound

Nonpoint source (NPS) pollution is unlike industrial and municipal pollution; it comes from
diffuse sources and is the result of rainfall or snowmelt moving over and through the ground.
NPS pollution is usually associated with land use activities such as agricultural, construction and
urbanization and include pollutants such as fertilizers, herbicides, pesticides, insecticides,
sediment, bacteria, nutrients, oils and grease and toxic chemicals.

The objective of the Onondaga Lake Nonpoint Source Environmental Benefit Project (EBP) was
to implement nonpoint source controls and management strategies to reduce nutrient inflow to
Onondaga Lake from agricultural and urban practices and to evaluate the effectiveness of these
controls and management strategies.

Onondaga Lake is located immediately northwest of the City of Syracuse in Onondaga County,
New York. The Onondaga Lake drainage basin encompasses approximately 247 mi2 (642 km1
and, with the exception of 0.75 mi2 (2 km1 in Cortland County, lies almost entirely in the
Onondaga County drainage basin. The basin includes six natural subbasins: Nine Mile Creek,
Harbor Brook, Onondaga Creek, Ley Creek, Bloody Brook and Saw Mill Creek. The City of
Syracuse is the region's major metropolitan center, encompassing approximately 20 square miles.
The City of Syracuse together with the adjacent towns and villages have been designated an
urban area by the State of New York, and thus fall under the Phase II stormwater regulations.
The urban area including the City of Syracuse is approximately 100 square miles. The non-
urban areas of the Onondaga Lake watershed include mostly forest and agricultural lands. The
Onondaga County Soil and Water Conservation District estimated a total of 107 active farms
including 67 active dairy farms in 1992. The land use attributed with these farms 37,181
cropland acres including 3,721 acres of pastureland. The current estimate of total farms is 98.

The selected agricultural sites were chosen to represent the prominent agricultural trends in New
York State. Specifically, the Rohe Farm represents a typical family-owned, IOO-head dairy farm
that plans to continue operations as usual. The Guptill Farm is a family-owned farm that
recently made the transition from dairy farming to beef cattle and heifer-livestock handling. The
Leubner Farm is also a family-owned dairy farm but has expanded from a I 50-head operation to
more than 400-head operation.

The selected urban sites were chosen to represent typical municipal urban runoff. A stonnwater
vegetative filter strip was installed at the Burnet Park Zoo to treat and control runoff from a
typical urban parking lot. A stonnwater vortex unit was installed on East Seneca Turnpike to
treat runoff from a major city street.

1-1MOFFA and ASSOCIATES
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There were three major elements of work for the EBP: I) BMP design and implementation, 2)
water quality monitoring and 3) effectiveness evaluation.

BMP design and implementation included BMP identification and selection and design and
construction. Working with the fanners and municipal representatives was especially important
during this phase of work in order to ensure their commitment to the operation and maintenance
of the BMPs. BMP design and implementation started in June 1999 and continued until
November 200 1.

Water quality monitoring for the agricultural sites was conducted from May 1999 to May 2000
for pre-BMP period and November 2000 to November 2001 for post-BMP period. During each
period, water quality samples were collected in the receiving water adjacent to the fannstead.
The intent of this sampling was to monitor the reduction of pollutants in the receiving water as a
result of the group of BMPs installed on the fannstead. Water quality sampling for the urban
BMPs effort began during the spring of 2001 after the BMPs were installed. For the urban
BMPs, influent and effluent samples were taken during actual wet-weather events to define
removal efficiency.

Effectiveness evaluation began immediately following implementation of the BMPs beginning in
November 2000 and continued until March 2002. The effectiveness evaluation included site
visits, fanner interviews and analysis of water quality data.

1.2 8MP Desi2n and Implementation

The agricultural BMP selection and design process used a combination of newly established
approaches and efforts that were customized to fit the nature of the project. Under this project,
Tier I and II Assessments from the Agricultural Environmental Management (AEM) guide for
New York State were completed to identify water quality risks and suitable BMPs. Tiers m to V
Assessments were not completed since the objectives differed from those of the Soil and Water
Conservation District; the EBP project was confined to farmstead-scale problems and remedies
and not geared towards long-term soil management efforts. The Tier I and II Assessments led to
the design and construction of BMPs, and efforts were made to have all BMPs comply with
Natural Resources Conservation Service (NRCS) specifications. Based on the assessments, it
was decided during the early stages of the project that targeting manure handling practices and
animal pasturing adjacent to receiving waters would provide the greatest return on the
investment in terms of nutrient reductions. Most of manure handling improvements were made
through reengineering the manure handling stations and providing training to the farmer on
proper operation. Creating a buffer zone between the receiving waters and active livestock areas
and manure handling stations also provide a relatively inexpensive benefit to water quality. A
simple principle was maintained throughout design and construction of BMPs: keep the clean
nmoff clean and divert the contaminated nmoff to a treatment area.

MOFFA and ASSOClA TES
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The selected urban BMP were chosen to represent treatment for typical municipal urban runoff.
A stormwater vortex unit was installed at 134 East Seneca Turnpike for the purpose of removing
suspended solids and associated nutrients from the stormwater before discharge to Onondaga
Creek. The catchment area serviced by this unit primarily encompasses a 1,OOO-feet length of
East Seneca Turnpike and is approximately 1.2 acres in size. The unit is a 4-foot diameter Hydro
International Downstream Defender@ with a design flow of 0.75 cfs and a maximum capacity of
3.0 cfs. A stormwater vegetative filter strip was installed at the Onondaga County Burnet Park
Zoo for the purpose of controlling and treating runoff from a parking lot. The original
stormwater structure for this parking lot was a cobblestone-lined ditch, which was constructed
around 1985 and no longer effectively conveyed stormwater. The vegetative filter strip was
installed to replace the cobblestone-lined ditch. The vegetative BMP is a 160-foot long swale,
which collects and conveys runoff from the parking lot. The ditch was reshaped to convey flow
at rates that minimize erosion. The area was seeded with a mixture of grasses. These grasses
were selected to be resilient against invading species, to grow well in a wet and dry environment
and to only grow to approximately two feet tall.

Water Quality Monitorine1.3

The EBP water quality sampling program provided data that were intended to provide only a first
order approximation of farmstead and urban runoff pollutant concentrations and effectiveness of
BMPs. Prior to this sampling program there were no site-specific data for urban and farmstead
runoff available for the City of Syracuse and surrounding agricultural land. This sampling
approach was consistent with budgetary constraints, which allocated 85% of the budget for BMP
implementation and the remaining 15% for sampling and monitoring, laboratory analyses, data
analyses, meetings and reporting.

Water quality analyses following USEPA approved methods were performed for Soluble
Reactive Phosphorus (Ortho-Phosphorus), Total Phosphorus (Total-P), Total Kjeldahl Nitrogen
(TKN), and Total Suspended Solids.

Water quality samples for the agricultural BMPs were collected in the receiving water adjacent
to the fannstead once per month for one year before and after BMP implementation.
Instantaneous flow measurements were taken at the same time as the water quality data. The
intent of this sampling was to monitor the reduction of pollutants in the receiving water as a
result of the group of BMPs installed on the fannstead. Using the water quality concentrations
and the flow measurements, pounds (i.e. loads) of pollutants discharged from the farmsteads
were estimated. These loads were used to identify pre- and post-BMP load reductions as well as
for estimating relative loads discharging from such fannstead in the receiving waters of
Onondaga Lake.

Water quality sampling for the urban BMPs effort began during the spring of 2001 after the
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BMPs were installed. For the urban BMPs, influent and effluent samples were taken during
actual wet-weather events to define removal efficiency. Six wet-weather events were sampled
for each the vortex unit and the vegetative strip.

1.4 Effectiveness Evaluation

In the agricultural setting, pollutant concentrations significantly decreased from the pre-BMP
sampling period to the post-BMP sampling period at all three farms. Pollutant concentrations
from each sampling event were ranked using the Wilcoxson Rank-Sum Test. This comparison
approach (alpha = 0.05,95% confidence) indicated a significant reduction in concentration from

the pre-BMP sampling to the post-BMP sampling period. Presumably the only changes at the
farm were the implementation of the BMPs, which suggests the BMPs successfully reduced the
concentration of pollutants discharging from the farms.

The following table provides pounds of pollutants discharged during the pre- and post-BMP
periods and percent removals.

There are approximately 50 active farms within the Onondaga Lake watershed without BMPs. If
it is assumed that the three farms studied during this project are representative of the 50, than the
findings from this project equate to approximately 20,000 to 50,000 pounds per year of potential
total phosphorus reduction and approximately 45,000 to 410,000 pounds per year of potential
TKN reduction within the watershed. Assuming that 50% of the TKN is ammonia-N, than there
is approximately 22,500 to 205,000 pounds per year of potential ammonia-N reduction.

As a frame of reference, based on current Metropolitan Sewage Treatment Plant (METRO)
upgrade plans, the potential total phosphorus reduction at METRO is 66,500 pounds per year and
the potential ammonia-N reduction is 550,000 pounds per year.

14MOFFA and ASSOCIA TES
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The cost of BMP construction and implementation on each fann was approximately $45,000.
This equates to approximately $45 to $112 per pound of total phosphorus removed per year and
$10 to $100 per pound of ammonia-N removed per year. As a frame of reference, Onondaga
County is investing approximately $125 million (1997) at METRO for phosphorus and ammonia
removal during the period from 1996 to 2015. This equates to approximately $1,900 per pound
of total phosphorus removed per year and $230 per pound of ammonia per year.

The stonnwater vortex unit was monitored for just over a one-year period from March 2001 until
May 2002, during which time approximately 40 inches of rain fell during the non-winter months.
This equated to approximately 730,000 gallons of stonnwater processed by the vortex unit. Also
during this time approximately 100 cubic feet of material was removed from the vortex unit
weighing an estimated 4,500 lbs. This equated to approximately 0.14 cubic feet or 6 lbs of
material removed per 1,000 gallons of stonnwater processed. Most of the material removed
from the vortex unit was sand and grit and organic material such as leaves and twigs. Relatively
little nutrients were removed, which was likely due to the low influent concentrations of nitrogen
and phosphorus. Additionally, relatively little trash was collected as a result of the grated
catchbasins, which prevent trash from entering the stonnwater conveyance system. The
sediment storage sump of the vortex unit is approximately 12 cubic feet; maintenance is key to
the successful operation of such equipment because once the unit's sump is full, a reduction in
removal efficacy is possible due to the increased risk ofre-entrainment of solids deposited within
the zone above the shielded sediment storage sump.

The vegetative filter strip was monitored for roughly five months from June 2001 until October
2001, during which time approximately 16.5 inches of rain fell. This equated to approximately
40,000 gallons of stormwater processed by the 160-foot long vegetative filter strip. Water
quality sampling was conducted on six storm events beginning in June of 2001 and ending in
October of2001. For half the events sampled, the vegetative filter strip absorbed the stormwater
and no effluent flow was apparent. During the other three sampling events, rainfall and the
resulting parking lot runoff were great enough to cause flow through the vegetative filter strip. It
appears that the strip could absorb about one inch of rain before effluent flow was apparent; this
is equivalent to approximately 3,000 gallons of stormwater. The vegetative filter strip appeared
to be effective at removing solids during a flow through condition. However, concentrations of
solids were relatively low. It also appeared that the vegetative filter strip was acting as a nutrient
exporter; releasing nutrients when stormwater flowed through the strip. Again, the nitrogen and
phosphorus concentration in both the influent and effluent was very low. The source of the
nutrient reservoir was likely from the compost bedding established for seeding.
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2 INTRODUCTION

Nonpoint source (NPS) pollution is unlike industrial and municipal pollution; it comes from
diffuse sources and is the result of rainfall or snowmelt moving over and through the ground. As
the water travels it carries human-source and animal-source pollutants. NPS pollution occurs
over a wide area and is usually associated with land use activities such as agricultural cultivation,
grazing, construction, urbanization and forest management. These pollutants may include
fertilizers, herbicides, pesticides, insecticides, sediment, bacteria, nutrients, oils and grease and

toxic chemicals.

The objective of the Onondaga Lake Nonpoint Source Environmental Benefit Project (EBP) was
to implement nonpoint source controls and management strategies to reduce nutrient inflow to
Onondaga Lake from agricultural and urban practices and to evaluate the effectiveness of these

controls and management strategies.

2.1 Amended Consent At!reement

In January 1998, Onondaga County executed an Amended Consent Judgment (ACJ) in
settlement of litigation init.iated in connection with alleged violations of state and federal water
pollution control requirements. The ACJ obligated Onondaga County to perform NPS
environmental-benefit projects (EBP) in the Onondaga Lake watershed. This obligation was
partly based on the results of a framework watershed model that was developed in 1994. The
model identified nutrient loadings throughout the Onondaga Lake watershed on the basis of
loading provided by Agway, Inc. and land use provided by the USDA, Natural Resources
Conservation Service (Moffa and Associates, 1995). As depicted in Figure 1, it was projected
that NPS phosphorus contributed the greatest annual loads to Onondaga Lake.

The EBP obligations are being met through this demonstration project involving best
management practices (BMPs) implementation on three farms and two urban sites in the
Onondaga Lake watershed. The major objective of the demonstration project is to implement
BMPs to reduce nutrient inflow to Onondaga Lake and document water quality before and after

BMP implementation.

2.2 Scope of Work

There are three major elements of work for the EBP: BMP design and implementation, water
quality monitoring and effectiveness evaluation.

BMP design and implementation spanned much of the project time period from March 1999 to
November 2001. This work element can be further broken into potential BMP identification,
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selection, planning, design, farmer review, bid and contract, construction, implementation and
modifications. BMP identification, selection, farmer review, bid and contract proceeded from
March 1999 to October 2000. BMP construction, implementation and modifications began in
June 2000 and continued until November 2001. The timeframes for activities varied for each
farm with work proceeding most rapidly at the Rohe Farm, then Guptill Farm, with the later
dates involving work at the Leubner Farm.

Water quality monitoring work began with the installation of rain gauges in May 1999. Water
quality samples were collected starting in May 1999 to May 2000 for pre-BMP conditions.
Water quality samples were collected from November 2000 to November 2001 for post-BMP
conditions.

Effectiveness evaluation began immediately following implementation of the BMPs beginning in
November 2000 and continued until March 2002. This corresponded with the resumption of
sampling for post-BMP conditions. The effectiveness evaluation included site visits, farmer
interviews and analysis of water quality data.

BMP design and implementation focused on typical agricultural and urban nonpoint pollution
sources. Each agricultural site included a series of related BMPs to reduce nutrient runoff from
the farming operations. An operation and maintenance (O&M) plan for each farm was
developed with the farmer. The O&M plan identified water quality risks and corrective BMPs to
reduce the risk. It was essential to have the farmer co-develop the O&M plan to ensure that the
BMPs complemented the farmer's existing farming operations and were economically viable for
operation and maintenance by the farmer. The urban BMPs, namely a vegetative filter strip and a
stormwater vortex unit, were selected to represent typical structural and non-structural BMPS.
The selection of these BMPs as well as the final siting and design were approved by the City of
Syracuse municipal engineers and elected officials.

In order to deten11ine the effectiveness of the agricultural BMPs, water quality monitoring was
conducted on a monthly basis during wet weather/higher flow events. Additional sampling
occurred during the snowmelt season since as much as 90% of the yearly annual load can occur
during the spring runoff period (WERF, 1999). Approximately one year of water quality data
prior to and after BMP implementation was collected. Samples were analyzed for total
suspended solids, total Kjeldahl nitrogen, total phosphorus and ortho-phosphorus.

In order to detennine the effectiveness of the urban BMPs, monitoring was conducted on the
influent and effluent during actual stormwater runoff events. Six events were sampled. These
events varied in peak flow and duration, thereby providing a large range of water quality.

The effectiveness evaluation served to demonstrate the measurable water quality benefits of the
BMPs. The effectiveness of the BMPs at each agricultural site was assessed through the
comparison of water quality data from the pre- and post-BMP periods, which included estimates
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of loads using calibrated hydrographs. Additionally, hydro graphs for the typical water year were
developed for each agricultural site. These hydrographs together with the water quality data
were used to estimate a first-order approximation of pollutant loads.

Pollutant loads for aThe urban data analysis focused on influent and effluent comparisons.
typical water year were also generated from the urban sites.

2.3 Environmental Benefits Projects

The three agricultural sites and two urban sites are identified in Figure 2.

The agricultural sites were chosen to represent the prominent agricultural trends in New York
State. Specifically, the Rohe Farm represents a typical family-owned, IOO-head dairy farm that
plans to continue operations as usual. The Guptill Farm is a family-owned farm that recently
made the transition from dairy farming to beef cattle and heifer-livestock handling and is
currently in the process of organic certification. The Leubner Farm is also a family-owned dairy
farm but has expanded from a 150-head operation to more than 400-head operation. Although
these farms vary significantly in their current operations and practices, they can all be considered
"typical" of trends in the New York State agricultural industry.

The urban sites were chosen to represent typical municipal urban runoff. The stonnwater
vegetative filter strip at the Burnet Park Zoo treats and controls runoff from a typical urban
parking lot. The stonnwater vortex unit on East Seneca Turnpike treats runoff from a major city
street. The catchment area on East Seneca Turnpike is very steep and is treated with heavy
applications of salt and sand during winter months.

J.oJMOFFA and ASSOCIATES
A "nit 01 Brown and c.J4weU



~G
)

z~§0Um~.gg0teG
)

~..0<0cnu.9..QC
.)

m!]'6~~<\I')
0\0\-iG

)

0cn.~Zcn*
~~~0~G

)

~0~

>
-

z~e00§.~.~00]~.~0<
4...
0'5IQ

)

0~§0

U

tU

l

0=

0g"0i~~~

=
-=~

 
W

l
~

8 
~

'" 
=

=
 

=
=

00
00'0
... 

.
.5 

=
=

...J
Q

.W
l

=
 

=
=

 
=

z 
'"

po =
'O

.c
~

 
Q

.
~

 
~

W
l 

=
"'.c
~

=
-

. 
~

~
~~
...J

~
 

.
. 

~
...J 

.
"0~

=
. 

=
'0 

=

=
0==0 -~I..=~.-~

(.I)

~--61
8~~

u
~

~ca':d~

~
!0.1::

~
~m



Onondaga Lake

Nine Mile Creek

Harbor Brook

Vegetative Strip

Robe Farm

Stormwater Vortex Unit

Syracuse City Limit

Guptill Farm

Leubner Farm

Otisco Lake. CSO Area

[] Ur\.. Sml1R\Ya~r
1m AgrK ..~. Foftst I O*r
0 Smauw & LaMs

Onondaga Creek

Onondaga Lake Watershed, Nonpoint Source EBP
Location of Agricultural Sites and Urban Sites

Figure 2



Onondaga Lake Agreement, Nonpoint Source Environmental Benefit Project

3 BACKGROUND

3.1 Description ofOnondaea Lake and Watershed

This section has been adapted from the Onondaga Lake Ambient Monitoring 2000 Annual
Report prepared for Onondaga County by EcoLogic, LLC (Cazenovia NY).

3.1.1 Onondaga Lake

Onondaga Lake is located immediately northwest of the City of Syracuse in Onondaga County,
New York, USA (430 6' 54" N, 760 14' 34" W). The outlet of Onondaga Lake flows into the
Seneca River which joins with the Oswego River and flows north and east into Lake Ontario.

The Onondaga Lake drainage basin encompasses approximately 285 mi2 (738 km1 and. with the
exception of 0.75 mi2 (2 km1 in Cortland County. lies almost entirely in the Onondaga County
drainage basin. The basin includes six natural subbasins: Nine Mile Creek, Harbor Brook.
Onondaga Creek. Ley Creek, Bloody Brook and Saw Mill Creek.

The climate of the Onondaga Lake basin is continental humid and is strongly influenced by
proximity to Lake Ontario and the presence of the Appalachian upland in the southern part of the
drainage basin. Lake Ontario moderates the temperature extremes. The warmest month is July
with a mean daily maximum temperature of 81.9° F. January is the coldest month; mean daily
minimwn temperature is 14.9° F. Based on the 1951-1980 period, the average frost-free period is
April 29 through October 15. Lake effect contributes high amounts of cloudiness and snowfall.
The summer months are drier on average but high year-to-year variation is typical. The average
annual precipitation ranges from 37 to 40 inches of water. The total annual precipitation for the
years 1999,2000 and 2001 is presented below.

1999 30.84 (inches water equivalent).

2000 36.07 (inches water equivalent).

2001 34.39 (inches water equivalent).
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Onondaga Lake is relatively small, with 4.7 mi (7.6 km) maximum length, 1.2 mi (2 km)
maximum width, 4.5 mil (11.7 km1 surface area, 36,136 x 106 gallons, 35.76 ft (10.9 m) mean
depth, and 64 ft (19.5 m) maximum depth. The Onondaga Lake shoreline is very regular with
few embayments. More than 75 percent of the shoreline is owned by Onondaga County and is
maintained as part of a popular park and trail system. The lakeside park is currently used for
recreation (hiking, biking, jogging, roller-blading, etc.), fishing and cultural entertainment. The
lake is used for secondary water contact recreation such as boating and water skiing.

Fishing was prohibited in the lake in 1972 due to mercury contamination. The prohibition was
lifted in 1986 and modified into a catch and release fishery, i.e., recreational fishing was
permitted but possession of lake fish was not. In 1999 the New York State Department of Health
revised its advisory regarding consumption of game fish from Onondaga Lake. The current
recommendation is to eat no walleye from Onondaga Lake and to restrict consumption of all
other species to no more than one meal per month. The fish advisory continues to be based on
mercury levels in fish flesh.

3.1.2 Tributaries

Onondaga Lake has four major natural tributaries and one major effluent discharge from a
regional wastewater treatment plant.

Nine Mile Creek. Nine Mile Creek is the second largest natural tributary to Onondaga Lake
with a drainage area of approximately 115 mi2 (298 km1. The watershed encompasses the Nine
Mile Creek, Geddes Brook and Otisco Lake sub-watersheds as well as lands southwest of
Onondaga Lake. Nine Mile Creek originates at the outlet of Otisco Lake, flows north and enters
Onondaga Lake at Lakeland adjacent to the New York State Fairgrounds. The main stream
length is 34.3 mi (55.2 km) and the stream flow for Nine Mile Creek is gauged at the USGS
station located at Route 48 in Lakeland. Nine Mile Creek receives treated municipal wastewater
from the Village of Marcellus as well as overflow and infiltration from the Allied Signal waste
beds in the lowest 1.7 mi (3 km) of the stream.

Harbor Brook. The Harbor Brook watershed drains a long and narrow area of 12.9 mi2 (33.5
km1 southwest of the lake and enters the lake approximately 0.62 mi (1 km) southwest of
Onondaga Creek. The main stem length is 7.5 mi (12.1 km). Land use in the headwater segment
of the Harbor Brook watershed is a mixture of agriculture and residential. As the brook flows
through the City of Syracuse land use becomes increasingly urban; the lower reaches of the
watershed include areas of high-density residential, commercial and industrial land uses.
Eighteen combined sewer overflows (CSOs) discharge to the lower reaches of Harbor Brook.
Streamflow is gauged at USGS stations located at two sites: Velasko Road and Hiawatha
Boulevard.
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Onondaga Creek. The Onondaga Creek watershed drains an area of 111.6 mi2 (289 krn1. The
Creek originates in the Tully Valley, flows north and enters the lake as the New York State
Canal System along the southern shore. The main stem length is 27.5 (44.2 krn). About one-third
of the creek is located in the City of Syracuse. The Creek receives urban runoff, including 43
CSOs. Groundwater contamination from current and historical industrial activities along the
banks of Onondaga Creek may also impact Onondaga Creek's water quality. Onondaga Creek
represents the largest source of water to Onondaga Lake. Streamflow is gauged at USGS
stations located at two sites: Dorwin Avenue and Spencer/Kirkpatrick Streets.

A unique feature of Onondaga Creek is the discharge of sediment-laden (turbid) groundwater
from mud boils in the Tully Valley in the creek's headwaters segment. The Tully Valley mud
boils are volcano-like cones of fine sand and silt that have been a landscape feature since the late
1890s (Kappel and McPherson 1998). According to these USGS investigators, flow from a mud
boil is driven by artesian pressure that forces water and sediment upward from sand and gravel
aquifers through a 60-foot layer of dense silt and clay. The artesian pressure within the aquifer
can lift water 20-30 feet above land surface. The source of the water is surface water that
infiltrates to groundwater along the valley walls. USGS has implemented three remedial actions
in the mud boil area to reduce loading of suspended solids to Onondaga Creek and ultimately
Onondaga Lake.

Ley Creek. The Ley Creek watershed extends eastward from the southern end of Onondaga
Lake and covers an area of approximately 28.7 mi2 (75 km1. The headwaters drain mainly
wetlands but the majority of the drainage flows through residential and industrial sites. Two
CSOs discharge to Ley Creek. Within the basin are a number of large commercial and industrial
sites, dredge spoil disposal areas and several closed landfills that received both sanitary and
industrial waste.

Metropolitan Sewage Treatment Plant Effluent (Metro). Treated effiuent from Metro enters
the lake at the southeast end. In most years Metro effiuent represents the third largest source of
water to Onondaga Lake. Most of the water treated at Metro originates in Skaneateles Lake and
Lake Ontario which are situated outside of the Onondaga Lake drainage basin. A small
percentage of the public water supply is drawn from Otisco Lake, which is within the Nine Mile
Creek and Onondaga Lake watersheds.

The Metro facility was designed to provide advanced secondary treatment for biochemical
oxygen demanding- material (BOD) and phosphorus removal for sewage flows of up to 120
mgd. Discharge to Onondaga Lake is through a surface outfall. Flows between 120 mgd and 220
mgd undergo primary treatment and chlorination prior to discharge to Onondaga Lake via a
separate outfall.
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Land Use3.1.3

The Onondaga Lake watershed is highly urbanized compared with other lakes in the Oswego
River Basin. Approximately 22% of the basin is classified as urban, 43% as forest, 32% as
agricultural and 3% as other. Table I provides a breakdown of land-use categories by
subwatershed, using the National Land Cover Data (NLCD) classification. These data, presented
in the Onondaga Lake Ambient Monitoring 2000 Annual Report and provided by the Syracuse
Onondaga County Planning Agency (SOCP A), are based on the Multi-Resolution Land
Characterization (MRLC) Consortium's Landsat 5 Thematic Mapper satellite data, last updated

July 2000.

During the late nineteenth century, Onondaga Lake was the focus of a flourishing resort industry.
The lake became increasingly degraded as the population grew and industries developed and its
uses became impaired. Completion of the Onondaga County Metro wastewater treatment plant in
the late 1960s and the banning of phosphorus detergents in the early 1970s marked the beginning
of significant efforts to bring about lake recovery.

Improved technology and more stringent regulations led to the reduction or elimination of some
point sources of pollution. The level of treatment provided for municipal and industrial waste
discharges has increased over the past decades. The Metro treatment plant was upgraded to
secondary treatment in 1978 and advanced secondary in 1981. In 1993, the Metro facility
underwent structural modifications to its aeration tanks, clarifiers and anaerobic digesters to
improve performance. Following completion of the structural modifications, the Metro
operations staff has continued to improve performance of the treatment plant through operational
adjustments. Reduction in the concentrations of phosphorus and ammonia-N in Metro effluent
have resulted from the enhanced operation. Nitrification has increased with improvements to the
plant's aeration facilities. The treatment plant is currently being upgraded and expanded to
provide year-round nitrification and enhanced phosphorus removal.

Portions of the City of Syracuse have combined sewers, single pipes that convey both
wastewater and stormwater to the Metro facility. When pipe capacity is exceeded during
rainstorms and snowmelt, a mixture of stormwater and untreated wastewater discharge to Harbor
Brook, Ley Creek or Onondaga Creek through overflow points in the sewer system (called
combined sewer overflows or CSOs). The frequency and volume of discharge from the CSO
network was reduced in 1984 with implementation of a best management practices program.
However, overflows continue to occur multiple times each year and have an adverse impact on
the water quality and aesthetics of the streams and lake. Under typical rainfall conditions CSOs
are projected to occur over 50 times each year (Moffa & Associates, 1994). The engineering
improvements now underway are designed to mitigate these overflows and bring the County's
wastewater collection and treatment system into compliance with state and federal regulations.
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Nonpoint sources of nutrients, sediment and bacteria enter Onondaga Lake through the
tributaries and CSOs. Industrial residuals such as metals and PCBs enter Onondaga Lake
through individual tributaries. For example, PCBs in the Ley Creek basin from historical
activities, and chloride from the Honeywell (formally Allied Signal) waste beds in the Nine Mile
Creek basins, continue to flow to the lake through surface runoff and infiltrating groundwater.
Lake sediments contain elevated concentrations of mercury and organic chemicals.

A2:ricultural Settin2: Description

The Onondaga County Soil and Water Conservation District (SWCD) conducted the Onondaga
Lake Rural Nonpoint Source Assessment in conjunction with United States Department of
Agriculture-Natural Resources Conservation Service in 1992. The farD1s must meet the
agricultural assessment of full-time status to be included in the survey. One criterion is that the
farD1 must gross $10,000 a year for minimum of 2 years to be considered full-time. The
assessment counted a total of 107 fanns in the Onondaga Lake watershed. The land use is
37,181 cropland acres including 3,721 acres of pastureland. A total of 67 dairy fanns were

counted.

The 2002 SWCD estimate of famls of all types in the Onondaga Lake watershed was further
broken down by subwatershed. The current numbers of fanns for each subwatershed are:

36 in Onondaga Creek.

30 in Otisco Lake (which drains into Nine Mile Creek)

30 in Nine Mile Creek (in additional to Otisco Lake farms).

2 in Harbor Brook.

0 in Ley Creek.

Citv of Syracuse SW Draina1!e Description

The City of Syracuse, located in Onondaga County, is the region's major metropolitan center,
encompassing approximately 20 square miles. The City of Syracuse together with the adjacent
towns and villages have been designated an urban area by the State of New York, and thus fall
under the Phase II stormwater regulations. The urban area including the City of Syracuse is
approximately 100 square miles and includes the towns and villages identified in Table 2. The

area is illustrated in Figure 3.

Combined sewers service approximately one-half the City of Syracuse area (10 square miles);
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separate sanitary sewers and stonnwater sewers service the other half. None of the surrounding
towns or villages, as identified in Table 2, has combined sewers. These towns and villages use
either separate sanitary sewers or septic systems for wastewater, and all have some type of
stonnwater collection and discharge system.

Onondaga County is responsible for the combined sewer system in the City of Syracuse. The
County is currently implementing a CSO program designed to minimize the impacts of CSO to
Onondaga Lake. This program is estimated to cost $144 million and is proposed to be completed
by 2012, based on current design and implementation schedule, which may be subject to change
(Onondaga County, 2002). The City of Syracuse is responsible for the stormwater system
(excluding the CSO area) and maintains all the street drainage basins (catch basins) within the
City of Syracuse.

The City of Syracuse and the surrounding municipalities are required to develop a stormwater
program addressing the following:

Reduce the discharge of pollutants to the "maximum extent practicable" (MEP).

Protect water quality.

Satisfy the appropriate water quality requirements of the Clean Water Act.
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4 EBP SELECTION/DESIGN

4.1 Approach to Selectio2: A2:ricultural BMPs

The EBP selection and design process used a combination of newly established approaches and
efforts that were customized to fit the nature of the project. A general review of farms within the
watershed was made to meet several basic criteria before investing significant resources into the
site investigation specific to each participating farm. The general criteria included:

Location in watershed and subbasin.

. Size and type of farming operation

Degree of water quality pollution risk.

. Likelihood of fanner to participate in project

Likelihood of fanI1er to operate and maintain installed BMPs.

. Willingness of farm operator to pennit access, sampling of water quality and tours on the
fam1 premises

The fanners agreed to participate in the project after raising relevant questions about the use of
infonnation discovered in the course of the project implementation. A general lack of
understanding, mistrust and fear of regulation exists among the fanning community. There was
concern among all fanns about possible state enforcement action against the fann if there were
found to be water quality problems. This was to be expected, since at the time of project
initiation, the Confined Animal Feeding Operation (CAFO) law was not yet in place and only
voluntary programs were in existence to deal with agricultural sources of water pollution.
During the project the Leubner Fann applied for and received a CAFO permit due to the size of
their operation. The other fanns were not of sufficient size to fall under CAFO.

The farmers were assured that no enforcement action would be initiated based on the results of
this project. The farmers also agreed to have their farms serve as demonstration sites for other
farmers, regulators, planners and other relevant groups. This agreement was easier to make since
the structural improvements to address water quality risks would be made at no cost or nearly no
cost to the participating farms.

The process of selecting specific BMPs continued by first making a series of visits to the farms
and walking the farmstead and attached farm property. Sketches were developed to confinn
location of buildings, areas of animal concentration, feed storage, ditches, pipes, streams,
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intennittent water courses, wells and other relevant features. Interviews were conducted with the
fant} operators to identify their understanding of water quality risks, understanding of water
quality impacts and specifics about their fant} operation. Aerial photos of the farms, where
available, were compared to current conditions.

Follow-up visits were made to the fann and project team members completed Tier I and II
Assessments from the Agricultural Environmental Management (AEM) guide for New York
State. The tiered assessment process was developed in 1997 by several organization as listed
below:

NYS Department of Agriculture and Markets (DAM).

Cornell Cooperative Extension.

NYS DEC

NYS Department of Health.

. NYS Soil and Water Conservation Committee

Skaneateles Lake Watershed Agricultural Program.

USDA Natural Resources Conservation Service.

Assessments were designed to provide a coordinated, science-based, farmer-friendly approach to
addressing environmental concerns of agricultural operations (NYS DAM, 1997).

The AEM process was geared towards identifying priorities for investment of public funds,
education of farm operators and the creation of "whole farm plans," which create a
comprehensive economic and environmental strategy for farm management. Tier I
questionnaires and Tier II worksheets function to identify and assess the basic conditions and
risks on the farms. Numbers of animals, manure spreading practices, fertilizer and pesticide use
and farmer's business objectives are some of the covered topics. Tiers ill to V include more
detailed plans, solutions, farm business planning, BMPs and evaluation of progress.

The EBP project team completed Tiers I and n with the famlers as part of the EBP selection
process. The team did not proceed to Tiers III to V since the objectives differed from those of
the Soil and Water Conservation District; the EBP project was confined to famlstead-scale
problems and remedies and not geared towards long-term soil management efforts. Completion
of Tiers I and n was useful for several reasons:

Confinnation of the risks we had identified through site visits and farmer interviews.
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Standardization of an assessment method used on all three farms.

Initiation of the AEM process for the farms with infonnation that could be shared with
the SWCD for future projects

.

The site assessment and AEM work led to the selection of sites for the implementation of BMPs.
Design of the selected BMPs preceded with topographic land surveys, which provided necessary
measurements for sizing and location. Design drawings and specifications were then produced.
Drawings were revised to the satisfaction of the fanIlers. Efforts were made to have all BMPs
comply with Natural Resources Conservation Service (NRCS) specifications. BMPs such as
"surface barkfilters" do not have an NRCS specification but have been used by the Onondaga
County Soil and Water Conservation District (OCSWCD) under the guidance of provisional
standards in other states and technical papers from Cornell University. The New York State
NRCS does have a "subsurface barkfilter" specification, formally known as the Milkhouse
Wastewater Infiltration Area (NY719) conservation practice; this type of barkfilter was not
constructed as part of this project.

Work plans and drawings were made available as bid documents to contractors to submit bids for
the on- faml improvements. Bid documents were designed in an itemized format for each work
task. This allowed the project team to list and prioritize potential BMPs. After cost estimates
were returned from contractors, the project team was able to select the priority BMPs that could
be completed within the available budget.

Selected A2ricultural BMPs

The selected agricultural BMPs were implemented starting in 1999, with the 2000 construction
season as the primary implementation period. Some additional implementation steps occurred in
2001. The project team was able to construct and implement the majority of the desired BMPs
with the available budget. Additional BMPs were identified on each farm as recommendations
for future work, either through the SWCD, this EBP project or another program. A simple
principle was maintained throughout implementation of BMPs: keep the clean runoff clean and
divert the contaminated runoff to a treatment area.

Rohe Farm

The Robe Farm represents a typical family-owned, 100-head dairy farm that plans to continue
operations as usual. The barnyard, feeding and primary pasture areas are adjacent to an
intemlittent stream tributary to Harbor Brook. Figure 4 depicts these areas and the implemented
BMPs.

Table 3 identifies the water quality risks initially found at the Rohe Fann and the implemented
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BMP solution. Design drawings are presented in Appendix A.

4.2.2 Guptill Farm

The Guptill Fann currently raises beef cattle and houses heifers from other dairies, totaling over
100 head of livestock. Barnyard, livestock feeding areas, manure spreading fields and pastures
are located adjacent to a tributary of the west branch of Onondaga Creek. Figure 5 depicts these
areas and the implemented BMPs. The fann property is typical of various trends within the
agricultural industry. The fann left the milking aspect of the dairy industry in 1992 due to low
milk prices and has transitioned towards other agricultural activities: beef cattle, certified organic
products, cropping and compo sting. The fann owner has demonstrated a commitment to
improving environmental management through voluntarily enrolling in the transition period to
organic certification. This includes the elimination of pesticides and chemical fertilizer used on
crops, primarily com.

Table 4 identifies the water quality risks initially found at the Guptill Farm and the implemented
BMP solution. Design drawings are presented in Appendix B.

4.1.3 Leubner Farm

The Leubner Fam1 is typical of many dairy fam1s in New York State. Recently the fam1 has
expanded from 150+ head of livestock to over 400 head of livestock (milking cows and young
stock). The fam1 also grows com, hay and a significant amount of pumpkins. The veal-calf
operation has recently expanded from 50 to 200 head on a portion of the fam1stead outside the
tributary basin that was monitored for the EBP. The farm is large and covers several watersheds
including Onondaga Lake. The fam1stead, including the primary barns, barnyard, feed storage
and manure handling areas, are in the Nine Mile Creek watershed. Figure 6 depicts these areas
and the implemented BMPs. These fam1stead areas drain into a roadside ditch, which flows to a
tributary stream that joins Nine Mile Creek north of the Otisco Lake dam.

Table 5 identifies the water quality risks initially found at the Leubner Fann and the
implemented BMP solution. Design drawings are presented in Appendix C.

4.3 Selected Urban BMPs

Two urban BMPs were selected for this project; namely a stormwater vortex unit and a
vegetative filter strip. These BMPs represent a structural and nonstructural approach,

respectively.
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4.3.1 Storm water Vortex Unit

A stonnwater vortex unit was selected to represent a structural approach to controlling and
treating urban stonnwater.

A stonnwater vortex unit is a device designed to capture settleable solids (solids such as grit and
sand that settle in quiescent flow), floatables, oils and grease and incidental nutrients from
stonnwater runoff. The stonnwater vortex unit consists of a concrete cylindrical vessel that can
be installed in place of an existing catchbasin. Stonnwater enters tangentially into the cylindrical
vessel, which creates a circular flow path (i.e. vortex). This circular flow path minimizes
turbulence and allows solids to settle into an isolated storage zone (depending on configuration)
and not become re-entrained. Stonnwater vortex units are generally baffled to enhance floatable
and oil and grease collection. These units collect and store pollutants in the cylindrical vessel
during a stonnwater event, and the pollutants are removed from the unit after the stonnwater
event has ended.

Several companies that manufacture stormwater type vortex units provided information. A
summary of information provided by these companies can be found in Appendix D. This
information was provided to the City of Syracuse engineers and the project team, with the
approval from the city engineers, selected the Downstream Defender@ manufactured by H.I.L.

Technologies (Hydro International).

The City of Syracuse engineers originally recommended two sites for the stonnwater vortex unit

1 205 Hopper Road, Syracuse, NY 13207

201 East Seneca Turnpike, Syracuse, NY 132052

The site on East Seneca Turnpike was selected. After field reconnaissance the actual location of
the unit was moved approximately 150 feet to the west to 134 East Seneca Turnpike. This area
is depicted in Figure 7.

Due to budget constraints and sampling objectives, a 4-ft diameter Downstream Defender(!) with
a design flow rate of 0.75 cfs was purchased for installation at the East Seneca Turnpike site,
which has a catchment area of approximately 1.2 acres. Hydro International recommends a
conservative approach to sizing the Downstream Defende~ if no regulatory guidelines are
available as in New York State. It is typically recommended to size the installation so that the
design flow of the unit is greater than or equal to the peak runoff rate from a I-year, 24-hour
storm event as a minimum, with a 2-year, 24-hour storm event desirable. This conservative
approach is taken because of the variability related to the first flush and TSS size distributions
and particle densities.

4--1MOFFA aJId ASSOCIA 1U
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For this project, the project team sized the Downstream Defender@ much more aggressively than
recommended by Hydro futemational. The sizing rationale for this site was based on exceeding
the design flow rate of 0.75 cfs at least once or twice a month. This approach was taken in order
to increase the likelihood that the site would generate flows at or above the design flow and
thereby generate performance data at and beyond the unit's design flow. Design drawing for the
Downstream Defender@ can be found in Appendix E.

Once the Downstream Defender@ was located and designed, applications were submitted to the
City Common Council for approval. The council adopted Ordinance No. 327 on July 10,2000,
which granted pennission for the project team to construct and install the Downstream
Defender@. A letter of approval can be found in Appendix F. Additionally, during field
reconnaissance several residents stopped to discuss the purpose of the work and the potential
impacts to their street.

4.3.1 Vegetative Filter Strip

A vegetative filter strip was selected to represent a non-structural approach to controlling and
treating urban stormwater.

Vegetative filter strips are constructed strips of vegetation used in various settings to remove
pollutants in stormwater runoff from a developed site. Vegetative filters are constructed in areas
where stormwater runs off the surface as sheet flow. A vegetative filter can have a
heterogeneous mix of ground cover, including herbaceous and woody species of vegetation or a
homogenous cover of grass. Vegetative filters are variable in size and are designed to remove
sediment and other pollutants from surface water runoff by filtration, deposition, infiltration,
absorption, decomposition, and volatilization.

During the work plan development phase it was proposed to construct a vegetative filter strip on
the down gradient end of a parking lot. Similar to the stormwater vortex unit, the City of
Syracuse engineers recommended sites for the vegetative filter strip. The proposed parking lot
sites were:

1 Thomden Park (near Syracuse University)

2. Burnet Park Zoo

3 Syracuse University C lots (between the Carrier Dome and Rt. 81)

The major challenge in selecting a site was the unwillingness of the parking lot operator to give
up any parking spaces, and ultimately none of the operators would give up parking spaces. This
presented a challenge because the parking spaces encroached within feet of the property line,
thus leaving no space for a vegetative filter strip. In the end, the selected site was at the Burnet
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Park Zoo, where it was proposed to convert a cobblestone-lined ditch at the down gradient end of
a parking lot into a vegetative filter strip. A letter of authorization from Anne Baker, Zoo
Director, is presented in Appendix G. This letter briefly discusses the objectives and work plan
for implementing the vegetative filter strip.

The original stormwater structure in the zoo parking lot was a 160-foot, cobblestone-lined ditch,
which was constructed around 1985 for stOmlwater conveyance, not treatment. The width of the
ditch was approximately two feet, but there was approximately four feet of available land to one
side of the ditch for which to expand the vegetative filter strip. Figure 8 depicts this area. The
existing ditch failed to function properly as a stormwater conveyance system because it
continually filled with sediment, which caused a berm to form at the edge of the parking lot
resulting in a short-circuiting of the ditch.

The catchment area to the vegetative filter strip was surveyed and the stonnwater flow and
volume were calculated. The vegetative filter strip area was sized to allow the minimum
possible flow velocities and to provide some water ponding during wet-weather event to
maximize infiltration. In turn, a new vegetative filter strip was designed and constructed to
collect and convey runoff from the parking lot. Installing the vegetative strip entailed removing
the existing cobblestone stonnwater conveyance system and reshaping the area to promote grass
establishment, water conveyance and the percolation of runoff. Native grasses were planted for
maximizing survival and pollutant removal. Design drawings are presented in Appendix H.
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Water Quality Risk BMP Solution

Accumulated manure solids in
stream

Excavated manure solids from stream and
applied to fields

.

Milk house wash water
discharged to stream through a
pipe

Intercepted wash water and applied
vegetative strip using a level lip spreader

to

Manure handling station runoff
discharged to stream through a
pipe

. Prevented run-on to station by intercepting
clean roof water and polluted surface water

. Conveyed clean roof water directly to stream

Intercepted polluted surface water and
applied to vegetative strip using a level-lip

spreader

.

Manure liquids (urine) and solids
from manure handling discharged
to stream through a pipe

Intercepted manure liquids (urine) and solids
using a sump pit and pump in the manure
handling station

.

Liquids and solids pumped into spreader and
applied to fields

.

Unstablized barnyard area with
drain tile to stream

. Stablized barnyard with a concrete pad with
bump walls for cleaning

Contained animals in barnyard with fencing,
which separated the animals from the stream

edge

Intercepted barnyard runoff with barkfilter.

Disconnect drain tile.

Clean roof
barn yard area

fallingwater Intercepted clean roof water with eve troughs
and conveyed water directly to stream

on .
Animal pasture/loafing area near
stream

Created a buffer zone with fencing and
stablized walkways to pastures further from
the stream

.

Stablized walkways
compacted stone dust

with geotextile and.

Onondaga Lake Watershed, Nonpoint Source EBP
Rohe Farm Water Quality Risks and BMP Solutions

Table 3



Water Quality Risk BMP Solution

Animals loafing and feeding Excluded animals from streambed by
developing a rotational grazing system. The
system requires the rotation of the cattle to
each fenced pasture section to avoid
vegetation damage, soil erosion and
sedimentation and manure concentrations

.
exclusively in the stream bed

.

.

Seeded pastureland so that fields provided
sufficient vegetation to support the livestock

Installed fencing and stablized walkways as
part of rotational grazing system

Installed concrete pad feed area with bump
walls and barkfilter. This allowed for the
exclusion of livestock from areas during
portions of the year when livestock traffic
could damage vegetation and result in soil
erosion and sedimentation. The area allows
for year-round access and runoff control of
water from the feeding area. A bark filter and
vegetated filter strip treats the runoff from the

feeding pad

.

. Developed alternative water supply for

pasture system

. Stablized streambed area with grasses and
trees. Trees and new grass were planted in
formerly disturbed areas and at the edges of
pasture areas. The new grass and trees should
further stabilize soil and provide future
benefits to the pastures by creating shade and
windbreaks

Onondaga Lake Watershed, Nonpoint Source EBP
Guptill Farm Water Quality Risks and BMP Solutions

Table 4



Onondaga Lake Watershed, Nonpoint Source EBP
Leubner Farm Water Quality Risks and BMP Solutions

Table 5
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5 EBPIMPLEMENTATION

Aericultural BMPs5.1

Implementation on the three fanns proceeded after selection of contractors through a competitive
bid process. The project team continually reviewed the work of the contractors, interviewed the
fanners and made numerous site visits. The work was completed slightly behind schedule and
slightly under budget.

5.1.1 Rohe Farm

Implemented BMPs include:

Removal of Manure Solids from Intermittent Stream Tributary to Harbor Brook. Manure
solids had accumulated in the intermittent stream tributary to Harbor Brook over the years due to
poor manure handling practices. It is likely that these accumulated solids were a major source of
nutrients from the farmstead and would have likely contributed more nitrogen and phosphorus to
the water quality samples. The solids were removed before June 25, 1999, before the second
pre-BMP sampling date. These solids, approximately 300 yards, were removed with a backhoe
and spread on fields for disposal.

Barnyard Improvements. The barnyard is adjacent to an intemrittent stream tributary to
Harbor Brook. The runoff from the barnyard has high concentrations of phosphorus, nitrogen
and sediments. Overland flow reaching the intermittent stream originated from the concrete pad
outside the main barn as depicted in Figure 9. In its original condition it was difficult to clean
and when it was cleaned, manure solids were scraped off the edge of the concrete pad onto the
ground where a tile drainpipe is buried. The original condition of the barnyard is depicted in
Figures 10 and 11.

The improvements to the barnyard included surface stabilization and curbing so that the area
could be periodically scraped and cleaned to reduce the amount of manure runoff and
sedimentation. Bump walls were constructed for the purpose of scraping manure with a front-end
loader. The barnyard and fencing were constructed to avoid injuries to animals returning for
milking. A bark filter was constructed at the down gradient end of the new concrete pad. The
purpose of the bark filter is to entrap manure solids and act as a nutrient sink. The area between
the new concrete pad/bark filter and the intermittent stream is now vegetated. No animals are
allowed to graze on this vegetation; the area acts as a buffer between barnyard activity and the
intermittent stream. These improvements are illustrated in Figures 12 and 13.
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Manure and Milk House Waste Management Improvements. The manure handling station
and milk house are not directly adjacent to the intermittent stream tributary to Harbor Brook;
however, drain pipes from these areas were directed towards the brook. The runoff from these
areas has high concentrations of phosphorus, nitrogen and sediments. The improvements to
these areas included reducing runoff and redirecting the drainage pipes from the brook to the
vegetative filter strip that is part of the barnyard improvements.

Originally, during normal operation, manure liquids drained from the conveyor, flowed over the
floor and drained into the sump at the edge of the barn. This sump drained to an area near the
concrete pad at the main barn and flowed overland into the intermittent stream. During rain
events, runoff from the driveway entered the manure barn, mixed with the manure liquids and
flowed into the overflow drain and ultimately to the intermittent stream. The original manure
handling station is depicted in Figure 14.

Improvements included stabilizing the area outside the manure barn and intercepting runoff with
a catch basin before it entered the barn as illustrated in Figure 15. This water is then conveyed to
a level-lip spreader up gradient of the vegetative filter strip. Improvements also included
constructing a sump pit with a pump in the manure barn to collect the manure liquids. The
manure liquids are then recombined with the manure solids in the manure spreader, for
subsequent application to the fields. The new sump pit is illustrated in Figure 16.

Drainage Improvements. Before BMP implementation, the general drainage practice for this
fann was to pipe the runoff directly to an intermittent stream tributary to Harbor Brook. During
BMP implementation the approach was to separate the clean water from the impacted water,
convey the clean water to the brook and control and treat the impacted water.

During construction some tile drains were disconnected from their discharge to the intermittent
stream. Figure 17 shows a poorly drained area at the end of a culvert. Cows would walk through
this area and vegetation was not able to grow. A new catch basin and concrete pad were
installed. Cow traffic was diverted around this area to a new area stabilized with gravel. The
pipe from the catch basin discharges into the field and not directly into the intermittent stream.
The new catch basin is illustrated in Figure 18.

There were three major improvements made during construction that were not in the original
contract drawings. The first was the expansion of the stabilized concrete barnyard. The Rohe
Farm paid for this additional work because it was to the benefit of farm operations as well as
water quality. The second additional improvement was to move the level-lip spreader further
away from the stream and closer to the bark filter, thus offering more vegetative strip treatment
area. This was possible because the pipe that discharges into the level-lip spreader from the
millhouse and manure handling station was installed at a higher elevation than originally
designed. The third modification included improvements to the drainage in front of the dry cow
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barn as depicted previously in Figures 17 and 18

5.1.2 Guptill Farm

Implemented BMPs include:

Rotational Grazing. Originally, the actual streambed and surrounding riparian area were used
for cattle pasturing and feeding. The fanner chose this area because of its water supply and
shade qualities. Improvements included removing the animals from the streambed and riparian
areas and developing an alternative area for pasturing and feeding.

The original pasturing practice allowed nutrients from manure and feed to reach the creek
through direct cattle to water contact and from the cattle feeding station adjacent to the edge of
the stream. Soil erosion into the creek was obvious; cattle grazing had denuded the streambed
and cattle traffic destabilized the soil surface as depicted in Figure 19. Excluding the cattle from
the streambed was the highest priority on this farm. Alternative farming techniques, such as
rotational grazing were implemented in order to exclude the cattle from this streambed. Figure
20 shows part of a newly fenced pasture. The rotational grazing pastures were implemented with
alternative water and shade sources. Once the animals were removed from the streambed area
the area was revegetated with tall fescue and reed canary grasses. The revegetated area is
illustrated in Figure 21.

Stabilized Concentrate Feed Area. The fann did not have an area dedicated to feeding the
cattle; instead a feed wagon was moved around the streambed area. This practice tended to
concentrate the animals near the stream and spoiled feed would remain in the streambed area.
Improvements included constructing a new concrete feed area with bark filter and vegetative
buffer strip.

The concentrated feed area was constructed approximately 200 feet from the streambed. It
consists of a concrete pad, bark filter and vegetated buffer strip. Figures 22 and 23 show the
concentrated feed area. Figure 23 also shows a portion of the rotational grazing system,
including a stabilized walkway from one paddock to another. A bark filter was constructed at the
down gradient end of the new concrete pad. The purpose of the bark filter is to entrap manure
solids and act as a nutrient sink. The area down gradient of the new concrete pad/bark filter was
vegetated. No animals are allowed to graze on this vegetated buffer strip. The area will act as a
buffer between feeding activity and the creek.

In general, agricultural BMP implementation at the Guptill farm progressed as planned. The
only major field change related to the water supply. The originally designed alternative water
system relied on developing ground and spring water resources on the farm. During the period
after design, but before construction, the Guptill Farm learned of a municipal water system being
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extended into the area. It was decided that connecting into the municipal system was more
reliable; however it was more expensive. The Guptill Farm shared the difference in cost between
the original water system and the connection to the municipal system.

5.1.3 Leubner Farm

Implemented BMPs include:

Manure handling station (run-on and runoff control). The original manure handling station
was impacted by wet weather conditions and had poor access. During stOffil events and wet
periods, water would run over the manure handling area, transporting nutrients and solids into
the drainage area of the roadside ditch and tributary stream. There were tile drainpipes in this
area that would aid in transporting nutrients and solids into the drainage area of the roadside
ditch and tributary stream. The improvements to the manure handling station included reducing
the amount of run-on, improving the usability of the manure handling station and disconnecting
the tile drainpipes that discharged to the roadside ditch.

The original manure handling station was poorly drained and therefore difficult to use and clean.
Manure solids and associated nutrients accumulated around the manure handing station and
eventually reached the roadside ditch and tributary stream area through drainage pipes and
overland flow. The original manure handling station is illustrated in Figure 24.

Improvements included installing new concrete walls around the existing manure handling pad to
facilitate manure clean up. A concrete chute was constructed to convey drainage from the
manure ramp to the bark filter. These improvements are illustrated in Figures 25 and 26. These
figures also show the bark filter that collects runoff from the manure-handling pad.

Vegetative Buffer. The field immediately upgradient of the roadside ditch and tributary stream
received regular applications of manure, fertilizer and composted biosolids. This area was also
mostly denuded and used as an animal loafing area (concentrated animal area). Improvements
included establishing a vegetative buffer area that would slow water movement from the active
barnyard area and trap nutrients and sediment. An area in this vegetative buffer area was also
specially graded and seeded to receive runoff from the feed bunk, which is a major source of
concentrated nutrients.

In the past, animals grazed on the field just upgradient of the roadside ditch and tributary stream.
The denuded field is shown in Figure 27. This field has since been converted into a hay lot,
which acts as a buffer between the barnyard activities and the roadside ditch and tributary
stream. The newly vegetated buffer area is depicted in Figure 28.

Runoff and leachate from the feed bunk were conveyed to theVegetative Buffer Strip.
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roadside ditch through drainpipes. During rain events, runoff from the bunk would enter a
catchbasin and flow directly to the roadside ditch. In addition, the catchbasin was located near
the bunk in a cow barn. As a result, the runoff would carry feed as well as manure solids to the
roadside ditch and tributary stream. There were also drain tiles under the feed bunk that would
convey ground water and silage leachate to the roadside ditch. During periods of high ground
water elevation, these tiles would collect primarily diluted silage leachate; however during dry
conditions the silage leachate was very strong. These pipes were removed and redirected to a
system consisting of a bark filter, level spreader and vegetative buffer strip area. At the end of
the vegetative buffer strip is a standpipe that collects the water and conveys it to the roadside
ditch. The purpose of this system is to provide treatment through filtration, deposition,
infiltration, absorption, decomposition and volatilization before it enters the roadside ditch and
tributary stream. The bark filter, level spreader and vegetative buffer strip area immediately after

construction is depicted in Figure 29.

Roof Water Management. The clean water falling on barn roofs represented a major fraction
of the original runoff discharged into the roadside ditch. Prior to BMP implementation, the
water falling off the roofs traveled over feed bunks, driveways and barnyards. This resulted in
greater volumes of polluted water reaching down-gradient areas.

An existing gutter system had lost several brackets and was no longer functioning. The water
spilled into the gap between two barns and then ran across a barnyard. carrying manure and other
solids. This section was replaced and piped into other clean water diversions.

New gutters and downspouts were installed on several buildings, the largest of which was for the
machinery barn. The collected water was piped to a ditch outlet without mixing with other
runoff. While the new pipes diverted much of the rainwater, substantial volumes of water were

still discharging into the newly constructed bark filter.

In general, agricultural BMP implementation at the Leubner farm did not progress as planned.
Some work items were omitted while others were added due to field modifications. The
information obtained from members of the Leubner family during design was not entirely
accurate and as a result, some field modifications were necessary. The most significant change
resulted from inaccurate information relating to the depth of drain tile from the bunk silage area.
For example, during design we were informed that the tile drain was two feet deep but in the
field it was found to be actually three and one-half feet. Because of this discrepancy, the upper
bark filter was moved to the field below the driveway and is now actually the lower bark filter.

One of the early accomplishments at the Leubner farm was to inventory the many drainpipes and
identify their origin. Originally all the drainpipes from both clean and contaminated sources
were connected to a 10-inch pipe that discharged to the roadside ditch/stream. During the first
phase of work drainpipes from the manure handling area and bunk silage area were disconnected
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and redirected towards the new bark filters. Currently only the roof water is directly piped to the
roadside ditch/stream.

5.2 Urban BMPs

Storm water Vortex Unit

A stonnwater vortex unit was installed at 134 East Seneca Turnpike for the purpose of removing
suspended solids and associated nutrients from the stonnwater before discharge to Onondaga
Creek. The catchment area serviced by this unit primarily encompasses a 1,0OO-feet length of
East Seneca Turnpike and is approximately 1.2 acres in size. The unit is a 4-foot diameter Hydro
International Downstream Defender@ with a design flow of 0.75 cfs and a maximum capacity of
3.0 cfs. Figure 30 shows a portion of the catchment area and Figure 31 shows the unit during
installation.

Installation of the Downstream Defender@ was fairly simple, considering that the location of the
stonnwater sewer was on the edge of a busy city street. As a result of the location of the sewer,
the unit was installed off-line instead of directly in-line with the sewer. This required removing
a three-foot section of the sewer and replacing it with a diversion manhole. The diversion
manhole was constructed with a weir wall that diverts flow out of the stonnwater sewer and into
the unit. Once the flow is processed through the unit it is piped back into the diversion manhole
on the other side of the weir wall where it flows back into the stonnwater sewer.

In general, construction of the Downstream Defender@ proceeded as planned. However, pre-
cast concrete components of both the Downstream Defender@ and the diversion manhole were
not cast to the specified dimensions. These components were not rejected but modified in the
field to meet the specifications.

Vegetative Filter Strip

A stonnwater vegetative filter strip was installed at the Onondaga County Burnet Park Zoo for
the purpose of controlling and treating runoff from a parking lot. The original stormwater
structure for this parking lot was a cobblestone-lined ditch, which was constructed around 1985.
This ditch no longer functioned as originally designed. The cobblestone had filled with sediment
and a berm had formed at the edge of the parking lot, which prevented runoff from reaching the
ditch. The original ditch is illustrated in Figure 32.

The vegetative BMP is a 160-foot long swale, which collects and conveys runoff from the
parking lot. The ditch was reshaped to convey flow at rates that minimize erosion. Four to six
inches of a compost/topsoil material was placed on the finished grade as a seedbed for
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vegetation. The compost was produced from food scrapes, leaves, woodchips and manure
generated from around the county, including the Burnet Park Zoo. The area was seeded with a
mixture of grasses. These grasses were selected to be resilient against invading species, to grow
well in a wet and dry environment and to only grow to approximately two feet tall. These
grasses will only be mowed once per year in an attempt to attract meadow type birds to this area.
Figures 33 and 34 show the reshaping of the original ditch and the application of the compost,

respectively.
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ROUTINE AND WET-WEATHER/HIGH FLOW WATEROUAI.ITY

MONITORING

6

The EBP water quality sampling program provided data that were intended to provide only a first
order approximation of fannstead and urban runoff pollutant concentrations and effectiveness of
BMPs. Prior to this sampling program there were no site-specific data for urban and fannstead
runoff available for the City of Syracuse and surrounding agricultural land. The results from this
first order approximation should be considered accurate within 50010. For example, it was
estimated that 865 Ibs of total phosphorus discharged from the Rohe farm before BMP
implementation. Based on this approach, the total phosphorus load was likely greater than 430
lbs but less than 1700 lbs. The sampling approach was consistent with budgetary constraints,
which allocated 85% of the budget for BMP implementation and the remaining 15% for
sampling and monitoring, laboratory analyses, data analyses, meetings and reporting.

If not otherwise noted the water quality analyses included the following parameters:

MethodParameter

1 Soluble Reactive Phosphorus (Ortho-Phosphorus)

2. Total Phosphorus (Total-P)

3 Total Kjeldahl Nitrogen (TKN) 351.3

160.34. Total Suspended Solids

Notes:

USEPA Methods for Chemical Analysis of Water and Waste 1979

6.1 Aericultural BMPs

Water quality samples were taken downstream from the fannsteads once per month for one year
before and after BMP implementation. Instantaneous flow measurements were taken at the same
time as the water quality data.

The intent of the sampling and monitoring program was to measure the effects of BMPs;
therefore, it was originally proposed to sample water quality downstream of the BMPs only.
However, during the course of the project questions evolved regarding the amount of solids and
nutrients originating upstream of the fannsteads (i.e., upstream of the BMPs). In order to
establish solids and nutrients levels upstream of the farms, water quality samples were taken
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from upstream locations. A full matching set of upstream samples were not taken due to
budgetary constraints. However, the data collected from the upstream sampling locations were
used to estimate the solids and nutrient loads originating upstream of the fannsteads and from the
farmsteads. Though this data was limited, its intent was to give an indication of the magnitude
of change in water quality as the receiving waters flow passed the farmsteads.

Agricultural pre-BMP water quality data were collected during the period July 1999 to June
2000. Pre-BMP runoff from the agricultural sites was representative of moderate to strong
wastewater, in terms of solids, phosphorus and nitrogen. Table 6 presents the pre-BMP water
quality data from the three farms.

Agricultural post-BMP water quality sampling began in November 2000 and continued until
November of 2001. Water quality samples were taken at the same location as the pre-BMP
samples. These data are presented in Table 7.

Rohe Farm

Water quality samples for the Rohe Fann were taken in an intennittent stream (headwaters of
Harbor Brook) approximately 100 feet west of the main barn and barnyard area. Runoff from
the fannstead originally reached the intennittent stream primarily through overland flow and tile
drains. The discharge from the overland flow and tile drains represented runoff and/or
groundwater from the barn, milkhouse, manure handling station and barnyard and pasture areas.
Upstream samples were taken in the same reach of stream, approximately 200 feet above the
active fannstead area. These sampling locations are illustrated in Figure 35.

The Rohe fann sampling location provided the greatest potential for solids and associated
nutrients to settle in the creek during periods of very low flow. These solids had the potential to
accumulate during dry periods and flush from the creek bottom during larger storms and spring
nmoff. In terms of water quality sampling, the largest load of nutrients is likely discharging
from the farm in the summer, but stays resident in the creek until the spring nmoffperiod. This
would have the effect of increasing the spring nmoff nutrient load. In addition. it would affect
the pre-BMP sampling data more since more solids were observed discharging from the farm
before BMP implementation. It is likely that this flushing phenomena is occurring throughout
the watershed.

Guptill Farm

Water quality samples for the Guptill Fann were taken from overland flow within the original
pasture area, approximately two-thirds the distance from the beginning of the pasture area. This
flow originates on the farm and is the headwaters to a tributary of the West Branch of Onondaga
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Creek. In the case of the Guptill fann. the fannstead was truly at the headwaters of the creek. In
the absence of an appropriate upstreant santpling location. santples were not taken. The upstreant
sampling location is illustrated in Figure 36.

Leubner Farm

Water quality samples for the Leubner Fann were taken from a roadside ditch approximately 400
feet east of the manure handling station. Runoff from the fannstead reached the roadside ditch
primarily through tile drains. The discharge from the tile drains represented nmoff and/or
groundwater from the bulk silage area, the barn and manure handling station and barnyard and
pasture areas. These direct discharges no longer exist. Upstream samples were taken in the
same ditch, approximately 300 feet above the active farmstead area. These sampling locations
are illustrated in Figure 37.

6.2 Urban BMPs

The water quality sampling efforts for the two urban BMPs were performed during the summer
and fall of 2001 and spring of 2002. The influent and effluent of each of these urban BMPs was
sampled simultaneously. Water quality for each BMP was sampled during at least six rain
events.

Storlnwater Vortex Unit

During a sampling event, stormwater was sampled from the influent and effluent of the
Downstream Defender(!> at the locations illustrated in Figure 38. During the first five events,
these samples were taken with a US DH-81A sampler, which was specifically designed for
sampling sediment in flowing water. A photo of the US DH-81A sampler is illustrated in Figure
39. Because there was some concern that the US DH-8IA sampler was not taking representative
samples of the sediment load, a Van Dom sampler was used to sample during the last event. The
Van Dom sampler is illustrated in Figure 40. Grab samples from each location were taken at
approximately 15-minute intervals throughout a rain event and attempts were made to collect the
first flush of stormwater from each rain event. For each pair of influent and effluent samples, the
influent sample was taken first and the effluent sample was taken second with approximately 1-2
minutes between the samples.

During the first four events, each influent and effiuent grab sample was analyzed for TSS,
phosphorus and nitrogen. During the last two events, only TSS was analyzed because there was
no clear indication of nutrient removal, and the data from the first four events provided adequate
information regarding nutrient runoff in this urban storm water. Furthermore, during the last two
events the laboratory procedures for TSS were changed to reflect the industry's new
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understanding of laboratory bias (USGS, 2000) with respect to heavy solids and the TSS
analysis. In general, the original TSS analysis allowed the laboratory to spilt the primary sample
for the purpose of performing the analysis with a single filter of size 24 or 42 mm. Research has
shown that splitting stormwater samples that contain solids larger than 62 micron can bias the
TSS results downward by as much 50% (USGS, 2000). The new TSS method (also known as
ASTM 3977 Suspended Sediment Concentration) required the laboratory to filter the entire
sample and not take a split or sub-sample.

The changes made to the sampling method and solids analysis appeared to increase the
concentration of solids measured. It is likely that the data collected from the first five events
were biased low due to the type of sampler used and the analysis method. Further more the
influent samples were likely biased more than the effluent samples because of the higher
percentage of coarse grit in the influent. Based on field observations, the effects of changing the
sampling method were greater than the effects of changing the solids analysis. Due to time and
budget constraints, comparative sampling was not completed. As a result influent versus effluent
comparisons were made only for the sixth event when both the Van Doran sampler was used and
the ASTM 3977 solids analysis were used,

Flow was measured continuously in the etI1uent pipe of the Downstream Defender<!> using a
Marsh McBirney depth/velocity flow meter and data logger, Model 260C. Rain was measured
continuously with a tipping rain bucket with data logger. The rain gauge was installed on the
roof of St. James School approximately 200 feet from the Downstream Defender@.

6.2.2 Vegetative Filter Strip

During a sampling event, influent stonnwater was sampled from the edge of the parking lot as it
flowed onto the vegetation and the effluent sample was taken at the end of the vegetative strip as
depicted in Figure 41. Grab samples were taken manually from each location at approximately
IS-minute intervals throughout a rain event and attempts were made to collect the first flush of
stonnwater from each rain event. These samples were composited into one influent and one
effluent sample per event and analyzed for TSS, phosphorus and nitrogen.
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Onondaga Lake Agreement, Nonpoint Source Environmental Benefit Project

7 DATA ANALYSIS

As stated earlier, data from the EBP sampling are intended to provide only a first order
approximation of farmstead and urban runoff concentrations and benefits of BMPs; prior to this
sampling program, there were no site-specific data available for urban and farmstead runoff
available for the City of Syracuse and surrounding agricultural land.

7.1 A2ricultural BMPs

Water quality samples were taken downstream from the fannsteads once per month for one year
before and after BMP implementation. Instantaneous flow measurements were taken at the same
time as the water quality samples. Water quality samples and instantaneous flow measurements
were taken upstream of the farmsteads for the purpose of better understanding background
pollution concentrations. For the purpose of this project only the downstream data were used to
evaluate the effectiveness of the BMPs.

7.1.1 Estimation of Runoff Hydrographs

Runoff hydro graphs were estimated from each farmstead using flow data obtained from the
USGS (internet site: http://www.usgs.gov) for Onondaga Creek, Harbor Brook and Nine Mile
Creek. The USGS flow data from the nearest gauging station to the farmstead was used, and in
each case the gauging station was located downstream from the sampling location. The USGS
flow data (average daily flow) were proportioned to represent the drainage area contributing to
the sampling location as compared to the drainage area contributing to the gauging station. This
proportioning of the flow from the USGS gauging station assumes that the gauging station
drainage area evenly contributes flow over its entire area. For instance, the Rohe farm drainage
area is estimated as 0.39 square miles and the gauging station drainage area is 10 square miles
(USGS Gauging Station 04240100). Therefore, the Rohe farm drainage area is approximately
3.9% of the gauging station drainage area. The estimated runoff hydrograph at the Rohe farm
sampling location was therefore calculated by proportioning the total flow measured at the
USGS gauging station by 3.9%.
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The following is an overview for each farm as it compares to the watershed area of the nearest
downstream USGS gauging station.

Rohe Fann:

Stream: Harbor Brook

USGS Gauging Station: 04240100

Gauge Drainage Area: 10 square miles

Farm Drainage Area: 0.39 square miles

Guptill Farm:

Stream: Onondaga Creek

USGS Gauging Station: 04239000

Gauge Drainage Area: 88.5 square miles

Faml Drainage Area: 0.60 square miles

Leubner Farm:

Stream: Nine Mile Creek

USGS Gauging Station: 04240300

Gauge Drainage Area: 115 square miles

Fann Drainage Area: 0.02 square miles

The instantaneous flow measurements made in the field as presented in Tables 6 and 7, were

used to calibrate the estimated hydrographs. General trends in the estimated flows were
modified to better represent field conditions. For example, the estimated data suggested flow
occurred year round at the Rohe farm. However, field data and observations suggest very low
flow and frequently no flow during the summer months. As a result, the estimated flows were
further calibrated to account for site-specific trends and characteristics.

In general the estimated hydrographs were adjusted downward during the summer and fall
seasons and adjusted upwards during the spring runoff period. This is consistent with the
watershed characteristics and basic hydrological concepts. The USGS gauging stations are
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located upstream of the City of Syracuse but downstream of suburban areas, whereas the
fannsteads are located in the very upward reaches of the watersheds. Rains at the fannsteads
during the summer and fall seasons are more readily absorbed into the ground than in the lower
watershed where there is more impervious area. Therefore higher flows and more extreme flow
peaks are expected at the station than at the fannstead. Conversely, snow pack during the winter
months tends to be greater in the upper reaches of the watershed than the lower watershed.
Therefore relatively high flows during the spring-melt season are expected at the farmstead.

The estimated runoff hydrographs and the instantaneous field measurements for the monitoring
period for each of the farms are presented in Figures 42 through 47. Figures 42 and 43 are Rohe
pre-BMP and post-BMP years, respectively. Figures 44 and 45 are Guptill pre-BMP and post-
BMP years, respectively. Figures 46 and 47 are Leubner pre-BMP and post-BMP years,
respectively. The estimated runoff hydrographs are again presented in Figures 60 through 83.
These hydrographs along with average seasonal pollutant concentrations (Section 7.1.2) were
used to calculate pollutant mass loading the watershed.

7.1.2 Estimation of Average Nutrient Concentrations

Based on the pre-BMP and post-BMP raw data (Tables 6 and 7) it is apparent that there are three
distinct flow scenarios that occur during the year: namely, the spring nmofI period and the
summer and fall nmoff periods. In general the spring nmoff period is characterized by higher
sustained flows and lower nutrient concentrations, whereas the summer and fall nmoff periods
are characterized by predominately lower flows with some short periods of high flows and higher

nutrient concentrations.

Hydrologic responses are a function of physical watershed characteristics, precipitation
characteristics and weather conditions. As a result each hydrologic year is unique. Based on this
understanding it was not appropriate to simply compare the month of May in the pre-BMP
period to the month of May in the post-BMP period. Therefore, average seasonal nutrient

concentrations were developed.

The timing and duration of the seasonal nutrient concentrations were not based on calendar days
but rather on hydrologic data. For example, May of 1999 during the pre-BMP period was
considered part of the summer runoff period because the majority of the snowmelt had occurred
in the preceding two months. Conversely, May of 2001 during the post-BMP period was
considered part of the spring nmoff period because the snow pack runoff was still apparent.

Average concentrations were calculated by grouping the data by season (i.e., summer, fall or
spring) and perfonning an arithmetic mean on the grouped data. Tables 8 (pre-BMP) and 9
(post-BMP) provide the concentration data grouped by season with the resulting average
concentration for each season. These concentration values are also presented graphically;
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Figures 48 through 59 present the average concentrations for the summer, fall and spring periods
for each of the farms and each of the parameters.

Estimation of Nutrient Loads

Nutrient loads for the pre- and post-BMP periods were calculated by using the average seasonal
nutrient concentrations and the calibrated hydrographs. In general, a concentration value of a
pollutant (mass/volume) multiplied by a flow rate (volume/time) and the duration (time) of the
flow rate provides a mass or load.

The runoff hydrographs as discussed in Section 7.1.1 were created using daily values of flow. or
daily time-steps. To calculate the nutrient load, the daily flow value was multiplied by the
average nutrient concentration (as discussed in Section 7.1.2) for that day and then multiplied by
the duration of a day. Therefore, nutrient loads were calculated on a daily increment. The daily
nutrient loads were then summed for defined periods to either produce a seasonal load or a pre-
or post-BMP load.

The seasonal nutrient loads are charted as bar charts with the runoff hydro graphs, as produced in
Section 7.1.1. The runoff hydrographs depict the seasonal flow trends whereas the pollutant
loads, as bar charts, depict the mass of pollutants discharged from the farmstead and areas
upstream of the farmstead during each seasonal period. The pre- or post-BMP period pollutant
loads can be calculated by summing the mass of pollutant from each of the seasonal periods.
Both the pre- and post-BMP periods were 13 months. The hydro graphs and seasonal load bar
charts are presented in Figures 60 through 83. The charts are organized by farm: Rohe farm,
Guptill farm and then Leubner farm. For each farm, the post-BMP load charts are presented
immediately after the pre-BMP charts for each parameter for the purposes of comparing the pre-
and post-BMP data. For example, Figure 60 presents the pre-BMP TSS seasonal loads and
Figure 61 presents the post-BMP TSS seasonal loads.

Comparison of Water Quality Data from Upstream and Downstream of Each Farm

The intent of the sampling and monitoring program was to measure the effects of BMPs;
therefore, it was originally proposed to sample water quality downstream of the BMPs only.
However, during the course of the project questions evolved regarding the amount of solids and
nutrients originating upstream of the farmsteads (i.e., upstream of the BMPs). In order to
establish solids and nutrients levels upstream of the famls, water quality samples were taken
from upstream locations. A full matching set of upstream samples were not taken due to
budgetary constraints. However, the data collected from the upstream sampling locations were
used to estimate the solids and nutrient loads originating upstream of the famlsteads and from the
farmsteads. Though this data was limited, its intent was to give an indication of the magnitude
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of change in water quality as the receiving waters flow passed the farmsteads.

In the case of the Guptill fann. the fannstead was truly at the headwaters of the creek. In the
absence of an appropriate upstream sampling location, samples were not taken.

In the case of the Rohe fann, the upstream area is mostly forested land with some haylots. The
upstream solids and nutrients concentrations were always lower than the downstream
concentrations, as depicted in Tables 6 and 7. This limited data set suggests that the farmstead
was the major contributor of solids and nutrients.

In the case of the Luebner fann, the upstream area is mainly haylot and rural residential units.
The upstream solids and nutrients concentrations were always lower than downstream
concentrationst as depicted in Tables 6 and 7; however the difference between upstream and
downstream concentrations was not as great as observed at the Rohe farm. Nevertheless, the
limited data set suggests that the Luebner fann was the major contributor of solids and nutrients
to the receiving water.

Comparison of Ortho-Phosphorus and Total Phosphorus7.1.5

Phosphorus is a nutrient found in many fonns. Ortho-phosphorus is the most reactive
(biologically accessible) fonn of this nutrient and is considered by most investigators to be 100
percent biologically available. Thus, the higher the level of ortho-phosphorus in the receiving
water, the more food is readily available for immediate use by algae and plants. Ortho-
phosphorus includes dissolved inorganic phosphorus, some phosphorus associated with small
particles, and some organic phosphorus. Total phosphorus is the measurement of all forms of
phosphorus including ortho- phosphorus. Total phosphorus includes dissolved inorganic
phosphorus, phosphorus in organic material, and phosphorus associated with particulate material

The ratio of ortho-phosphorus to total phosphorus is important in that it provides a relationship
between the amount of phosphorus which is soluble and readily available for plant uptake and
that which is bound to particulate matter and must be transformed in the phosphorus cycle before
it can become soluble and available for plant uptake.

Water quality monitoring in the tributaries of Onondaga Lake performed by the Onondaga
County Department of Water Environment Protection (WEP) indicates that the ratio of ortho-
phosphorus to total phosphorus ranges from 1 % to 25%. The ratio of ortho-phosphorus to total
phosphorus found during this project ranged from 25% to 75% in the pre-BMP condition and
23% to 33% in the post-BMP condition. This difference is likely due to the proximity of the
EBP sampling locations to the farmstead as compared the WEP sampling locations, which are
located within the Syracuse City limits. The EBP water quality sampling locations were likely
directly affected by cow manure from the farmstead. Additionally the ratio of ortho-phosphorus
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to total phosphorus decreased from the pre-BMP to the post-BMP condition, suggesting that less
cow manure was reaching the receiving water and sampling location.

Cow manure can contain as much as 50% soluble phosphorus (Powell et al., 1999) and can
become more soluble and mobile under wet conditions (Scott et al., 1998).

Based on these data it appears that the phosphorus originating from the fannsteads is relatively
soluble and may become more soluble as it resides within the riparian zone of the streambeds
near the fannsteads. Once this phosphorous reaches the receiving water the soluble form is taken
up by plants and microbes and assimilated into organic phosphorus, which is less soluble.
Therefore soluble fonns of phosphorus likely exist in the upper reaches of the watershed (near
the EBP sampling locations) and transform to less soluble forms as it reaches the sampling
locations sampled by WEP within the city. This finding illustrates the importance of
understanding the stream hydrology and the phosphorus cycle within the tributaries as part of the
determining the impact of phosphorus from farmsteads on Onondaga Lake.

7.1.6 Weather Patterns and Flow Rates at the Farms

The three fanns are within 30 miles of Syracuse and experience generally similar weather
conditions. The Leubner fann is at the highest elevation and therefore tends to be the coolest
with the latest occurring spring runoff period. However, average rain and snow amounts do not

differ significantly among the fanns.

The pre-BMP sampling began during May of 1999, by which time the spring nmoff had abated
and the summer weather pattern had begun. The summer of 1999 was characterized as a very
dry period with few significant rain events. During the period from May through September,
approximately 5.8 inches of rain fell, which was 9.2 inches below normal. During the period
from October through December, approximately 12.5 inches of rain/snow fell, which was
approximately 1 inch below normal. Snowfall during the winter of 1999-2000 was
approximately 86 inches, which was 33 inches less than normal. A cooler and rainier spring than
normal during 2000 extended the spring nmoff season well into May. Pre-BMP sampling
concluded at the end of May 2000 when construction of the BMPs started.

Due to lack of significant rainfall during the summer of 1999, base flows in the tributaries to
Onondaga Lake were significantly lower than normal. Flows during the fall of 1999 and spring
of 2000 were only marginally lower than nonnal.

The post-BMP sampling began during November of 2000, after a relatively normal fall season
during which time approximately 8 inches of rain fell. The winter of 2000-2001 was one of the
snowiest winters on record with 191 inches of snow (72 inches above normal). The spring run-
off period of 2001, however, was relatively normal, beginning with some thaw periods in
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February and lasting into April. The summer and fall seasons of 2001 were relatively nonnal
with a total of 19 inches of rain, which was approximately 2 inches below nonnal.

7.1.7 Rohe Farm

Pollutant concentrations significantly decreased from the pre-BMP sampling period to the post-
BMP sampling period at the Rohe faml. The pollutant concentrations for the pre- and post-BMP
sampling periods are presented in Tables 6 and 7 respectively. Pollutant concentrations from
each sampling event were ranked using the Wilcoxson Rank-Sum Test. This comparison
approach (alpha = 0.05, 95% confidence) indicates a significant reduction in concentration from

the pre-BMP sampling to the post-BMP sampling period. Presumably the only changes at the
faml were the implementation of the BMPs, which suggests the BMPs successfully reduced the
concentration of pollutants discharging from the Rohe faml.

At the Rohe fann during the pre-BMP sampling, approximately 1,000 lbs of total phosphorus
discharged from the fannstead and areas upstream of the farmstead. Based on upstream
sampling, approximately 135 lbs of total phosphorus originated from the pasture and forested
land upstream of the farmstead; therefore, approximately 865 lbs would have discharged from
the farmstead itself. As depicted in Figure 64, during the pre-BMP sampling period there was
very little seasonal variation between total phosphorus loads to the creek. Although flow rates
increased during the spring run-off period, total phosphorus loads did not increase as a result of
the decreasing total phosphorus concentrations during this period. This is consistent with the
types of point source pollution found on the Rohe farm before the implementation of the BMPs.
Typically, point source pollution as found on the Rohe Farm dilutes with increasing flow.

During the post-BMP sampling period at the Rohe faml approximately 400 Ibs of total
phosphorus discharged from the famlstead and areas upstream of the famlstead. Based on
upstream sampling, approximately 135 Ibs of total phosphorus originated from the pasture and
forested land upstream of the farmstead; therefore approximately 265 Ibs would have discharged
from the farmstead itself.

Based on the total phosphorus loads to the creek from the farmstead during the pre- and post-
BMP sampling periods there was approximately a 70% reduction in total phosphorus load from
the pre-BMP sampling period to the post-BMP sampling period. Presumably the only changes at
the fann were the implementation of the BMPs, which suggests the BMPs successfully reduced
phosphorus loads from the Rohe fann.

Ortho-phosphorus followed the same seasonal trends as total phosphorus with approximately 760
Ibs and 110 Ibs of ortho-phosphorus discharged from the farmstead and areas upstream of the
farmstead during the pre- and post-BMP samplings periods, respectively. Based on upstream
sampling, approximately 20 lbs of ortho-phosphorus originated from the pasture and forested
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land upstream of the farmstead during both the pre- and post-BMP sampling periods. This
equates to approximately 740 lbs and 90 lbs of ortho-phosphorus discharged from the farmstead
during the pre- and post-BMP samplings periods, respectively, or an 88% reduction in ortho-
phosphorus load as a result ofBMP implementation at the Rohe farm.

TKN followed a slightly different trend than total phosphorus. During the pre-BMP sampling
period the largest load discharging from the farmstead and areas upstream of the farmstead
occurred during the spring runoff period, but during the post-BMP sampling period the largest
load ofTKN occurred during the summer season. In fact, during the summer months of the pre-
and post-BMP sampling periods, TKN loads were similar. However, on a pre-BMP versus post-
BMP basis there was a 68% reduction in TKN load as a result of BMP implementation at the
Rohe farm. Approximately 3,170 Ibs and 1,240 Ibs of TKN discharged from the farmstead and
areas upstream of the farmstead during the pre- and post-BMP samplings periods, respectively.
Based on upstream sampling, approximately 340 Ibs of TKN originated from the pasture and
forested land upstream of the farmstead during both the pre- and post-BMP sampling periods.
This equates to approximately 2,830 Ibs and 900 Ibs of TKN discharged from the farmstead
during the pre-BMP and post-BMP periods, respectively.

7.1.8 Guptill Farm

Pollutant concentrations significantly decreased from the pre-BMP sampling period to the post-
BMP sampling period at the Guptill fam1. The pollutant concentrations for the pre- and post-
BMP sampling periods are presented in Tables 6 and 7 respectively. Pollutant concentrations
from each sampling event were ranked using the Wilcoxson Rank-Sum Test. This comparison
approach (alpha = 0.05, 95% confidence) indicates a significant reduction in concentration from

the pre-BMP sampling to the post-BMP sampling period. Presumably the only changes at the
farm were the implementation of the BMPs, which suggests the BMPs successfully reduced the
concentration of pollutants discharging from the Guptill farm.

At the Guptill farm during the pre-BMP and post-BMP sampling periods, approximately 1,700
Ibs and 684 Ibs of total phosphorus discharged from the farmstead, respectively. It can be
assumed that the entire load discharged from the farmstead, since the farmstead was at the upper
reaches of the watershed and there was no contributing flow from upstream of the farmstead. As
depicted in Figures 72 and 73, during both sampling periods, most of the total phosphorus load
discharged during the spring runoff period. This was likely due to the dispersed and
accumulated manure throughout the farmstead that was flushed during the spring runoff periods.
Based on the total phosphorus loads to the creek from the farmstead during the pre- and post-
BMP sampling periods there was approximately a 61 % reduction in total phosphorus load from
the pre-BMP sampling period to the post-BMP sampling period. Presumably the only changes at
the farm were the implementation of the BMPs, which suggests the BMPs successfully reduced
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phosphorus loads from the Guptill farm. The greatest reduction in total phosphorus occurred
during the spring runoff period; however, the spring runoff load during the post-BMP sampling
period was much higher than during the other seasons. It is likely that throughout the next few
years as the nutrients in the accumulated manure are flushed or harvested from the creek area
that this trend of decreasing total phosphorus loads will continue.

Ortho-phosphorus followed the same seasonal trends as total phosphorus with approximately 350
lbs and 152 lbs of ortho-phosphorus discharged from the farmstead during the pre- and post-
BMP samplings periods, respectively. This equates to approximately a 57% reduction in ortho-
phosphorus load as a result of BMP implementation at the Guptill farm.

TKN followed the same seasonal trends as total phosphorus and ortho-phosphorus with
approximately 10,400 lbs and 2,174 lbs of TKN discharged from the farmstead during the pre-
and post-BMP samplings periods, respectively. This equates to approximately a 79% reduction
in TKN load as a result ofBMP implementation at the Guptill farm.

7.1.9 Leubner Farm

Pollutant concentrations significantly decreased from the pre-BMP sampling period to the post-
BMP sampling period at the Leubner farm. The pollutant concentrations for the pre- and post-
BMP sampling periods are presented in Tables 6 and 7 respectively. Pollutant concentrations
from each sampling event were ranked using the Wilcoxson Rank-Sum Test. This comparison
approach (alpha = 0.05,95% confidence) indicates a significant reduction in concentration from
the pre-BMP sampling to the post-BMP sampling period. Presumably the only changes at the
farm were the implementation of the BMPs, which suggests the BMPs successfully reduced the
concentration of pollutants discharging from the Leubner farm.

At the Leubner fann during the pre-BMP sampling, approximately 847 lbs of total phosphorus
discharged from the farmstead and areas upstream of the fannstead. Based on upstream
sampling, approximately 48 lbs of total phosphorus originated from the haylots and residential
properties upstream of the farmstead; therefore, approximately 799 lbs would have discharged
from the fannstead itself. As depicted in Figure 81, most of the total phosphorus load discharged
during the summer runoff period. This was likely due to the point source discharges from the
stall barn and drain tile from the bunk silage area, which tend to run "hot" during the summer
months and less so in the fall and spring. The relatively high spring runoff load was likely the
result of the dispersed and accumulated manure in the grazing (loafing) field adjacent to the
creek that was flushed during the spring runoff period. This is consistent with the type of
nonpoint source pollution such as the loafing area found on the Leubner fann before the
implementation of the BMPs. Typically, nonpoint source pollution does not dilute with
increasing flow.
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During the post-BMP sampling period at the Leubner fann approximately 407 lbs of total
phosphorus discharged from the farmstead and areas upstream of the farmstead. Based on
upstream sampling, approximately 48 lbs of total phosphorus originated from the he haylots and
residential properties upstream of the farmstead; therefore approximately 359 lbs would have
discharged from the farmstead itself. The smallest reduction in total phosphorus occurred during
the spring runoff period; it is likely that throughout the next few years as the nutrients in the
accumulated manure are flushed or harvested from the loafing area the trend of decreasing total
phosphorus loads will continue.

Based on the total phosphorus loads to the creek from the farn1stead during the pre- and post-
BMP sampling periods there was approximately a 55% reduction in total phosphorus load from
the pre-BMP sampling period to the post-BMP sampling period. Presumably the only changes at
the farn1 were the implementation of the BMPs, which suggests the BMPs successfully reduced
phosphorus loads from the Rohe farn1.

Ortho-phosphorus followed the same seasonal trends as total phosphorus with approximately 498
Ibs and 165 Ibs of ortho-phosphorus discharged from the farmstead and areas upstream of the
farmstead during the pre- and post-BMP samplings periods, respectively. Based on upstream
sampling, approximately 13 Ibs of ortho-phosphorus originated from the pasture and forested
land upstream of the farmstead during both the pre- and post-BMP sampling periods. This
equates to approximately 485 Ibs and 152 Ibs of ortho-phosphorus discharged from the farmstead
during the pre- and post-BMP samplings periods, respectively, or a 69% reduction in ortho-
phosphorus load as a result ofBMP implementation at the Leubner farm.

TKN followed the same seasonal trends as total phosphorus and ortho-phosphorus with
approximately a 50% reduction in TKN load as a result of BMP implementation at the Leubner
farm. Approximately 5,898 Ibs and 2,983 Ibs of TKN discharged from the farmstead and areas
upstream of the farmstead during the pre- and post-BMP samplings periods, respectively. Based
on upstream sampling, only 61 Ibs of TKN originated from the haylots and residential properties
upstream of the farmstead during both the pre- and post-BMP sampling periods. This equates to
approximately 5,837 Ibs and 2,922 Ibs of TKN discharged from the farmstead during the pre-
BMP and post-BMP periods, respectively.

7.1.10 Cost Benefit Relationship of Nutrient Reduction from Farmsteads versus METRO

The cost of BMP construction and implementation on each farn1 was approximately $45,000.
Most of the funds were directed toward structural BMPs that were designed to control point
source pollution from manure handling and animal feeding operations. Investments were also
made in creating buffer zones between the receiving waters and active livestock areas and
manure handling stations. Based on evaluations of the water quality risks at these farn1s, it was
decided during the early stages of the project that targeting these sources of pollution would
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provide the greatest return on the investment in tenns of nutrient reductions.

Total phosphorus reductions from the three farms ranged from approximately 400 to 1,000
pounds and TKN reductions ranged from approximately 900 to 8,200 Ibs. Nutrient loads from
the pre- and post-BMP periods and percent removals are presented below.

These reductions equate to approximately $45 to $112 per pound of total phosphorus removed
per year and $5 to $50 per pound ofTKN removed per year.

As a frame of reference, Onondaga County is investing approximately $125 million at the
Metropolitan Sewage Treatment Plant (METRO) for phosphorus and ammonia removal during
the period from 1996 to 2015. The expected annual reductions in phosphorus and ammonia are
66,500 pounds and 550,000 pounds, respectively. This equates to approximately $1,900 per
pound of total phosphorus removed per year and $230 per pound of ammonia per year.

It is important to note that these estimates of reductions and their associated costs are only first
order estimates and that several broad assumptions were made to make these estimates. The
intent of making such assumptions and estimates is to begin to relate the cost benefit relationship
of pollutant removal in the urban setting (i.e. METRO) as compared to the agricultural setting.

These unit costs only represent capital costs, or estimated capital costs in the case of METRO,
for the construction of the treatment practices; they do not include annual operation and
maintenance. If annual operation and maintenance costs were considered, then the unit cost for
phosphorus and TKN/ammonia removal would increase. The unit cost increase would be greater
for METRO than the farmsteads because of the relative complexity of the practices; the practices
selected for the farmsteads are extremely simple technology as compared to the advanced
treatment technology at the wastewater treatment plant. Additionally, TKN was measured at the
farms and ammonia-N is measured at the wastewater treatment plant. If it were assumed that
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50% of the TKN was ammonia-N, then it would be $10 to $100 per Ib ofammonia-N removed

per year from the farms.

It appears that removal of nutrients, in particular phosphorus, at the farmstead may be more cost
effective than removal of nutrients at METRO, but several other factors, such as relative quantity
of nutrient, proximity of pollutant source to Onondaga Lake, and longevity of BMPs should be

considered

One such factor is the relative quantity of nutrients from these sources. For example, if expected
phosphorus removals range from 400 to 1,000 pounds of phosphorus from a farmstead per year
and there are approximately 50 active dairy farms in the watershed that have not had BMPs
installed, then the quantity of total potential phosphorus removal is between 20,000 lbs and
50,000 lbs, which is less than the expected amount of phosphorus removal at METRO (66,500
pounds). In tenns of TKN, the quantity of potential removal from the active farms may range
between 45,000 and 410,000 pounds per year. If it is assumed that 50% of the TKN is ammonia-
N, then there would be 22,500 to 205,000 pounds of total potential arnmonia-N removal from the
fanus, which is also less than the expected amount of ammonia-N removal at METRO (550,000

pounds).

Another major difference between METRO and the fannsteads is their relative proximity to
Onondaga Lake; METRO discharges directly into the lake whereas the fannsteads discharge at
the upper reaches of the watershed. In newly developing TMDL pollutant trading scenarios
(Bhimani, McDonald, Dennis, 200 I), pollutants discharged further away from the "at risk
receiving water" are discounted because they potentially have less of an effect due to
assimilation and potential export from the watershed as a result of nutrient cycles.

Yet another major difference between METRO and the farmsteads is the relative setting in which
these practices are operated and maintained. At METRO, due to regulatory compliance, proper
operation and maintenance of the practices is more assured than at the farmsteads where there
are no regulations for smaller farms and less far less stringent regulations for larger farms.

In summary, the fannsteads appear to be a genuine source of nutrient pollution that can be
practically removed from the Onondaga Lake Watershed both in terms of quantity and cost
effectiveness. The true cost benefit relationship may not be as attractive as the current unit cost
portray due the aforementioned reasons; nevertheless this source of pollution should remain an
important issue in the Onondaga Lake watershed management.

In addition to the nutrient pollution discharging from the fannstead, an equal or larger source of
nutrient pollution may be from agricultural cropland runoff (Moffa and Associates, 1995).
According to the Onondaga Lake watershed framework model (Moffa and Associates, 1995), as
much as 275,000 pounds of phosphorus and 1,300,000 pounds ofTKN may discharge from these
croplands during a typical year. This will be corroborated through Round 2 of this project. The
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cost associated with implementing cropland management techniques designed to reduce nutrient
runoff from fields will be much lower than the cost associated with structural BMPs for the
farmsteads, however the reductions may not be as great. Again, the will be corroborated through
Round 2 of this project.

7.2 Urban BMPs

7.2.1 Storm water Vortex Unit

The stonnwater vortex unit was monitored for just over a one-year period from March 2001 until
May 2002, during which time approximately 40 inches of rain fell during the non-winter months.
This equated to approximately 730,000 gallons of stormwater processed by the vortex unit. Also
during this time approximately 100 cubic feet of material was removed from the vortex unit
weighing an estimated 4,500 lbs. This equates to approximately 0.14 cubic feet, or 6 lbs of
material captured per 1,000 gallons of stonnwater processed. Most of the material removed from
the vortex unit was sand and grit and organic material such as leaves and twigs. Relatively little
trash was collected as a result of the grated catchbasins, which prevent trash from entering the
stonnwater conveyance system.

The vortex stonnwater unit was installed in October of 2000. Only visual inspections were made
from October 2000 to March of 2001 when the first cleaning occurred. Cleaning of the unit
occurred after March 2001 on an as needed basis. Table 10 shows the dates of the cleanings, the
amount of stonnwater volume processed between cleanings and the amount of material removed
from the unit.

Water quality sampling was conducted on six stonn events beginning in July of2001 and ending
in April of 2002. However, due to non-representative sampling procedures and laboratory
methods only samples collected during the sixth event are considered appropriate for influent
versus effluent comparisons. During events 1 through 5 samples were taken with a US DH-81A
sampler, which was specifically designed for sampling sediment in flowing water. Because there
was some concern that the US DH-81A sampler was not taking representative samples of the
sediment load, a VanDorn sampler was used to sample during the last event. The amount and
type of material collected during the sixth event with the VanDorn sampler appeared to be
significantly different than that collected with the US DH-8IA during the first five events. A
photo of the solids collected with the Van Dorn sampler from the influent and the effluent during
event six are presented in Figure 90. Coarse, medium and fine grit (3 to 0.075 rom) were
apparent in the influent while mostly fine grit « 0.2 rom) and silt material were apparent in the
effluent. In addition, the solids concentrations measured during the sixth event were the highest
observed throughout the sampling effort thus suggesting that the V an Dom sampler was
collecting more solids in the sample than the US DH-8IA sampler.
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Figures 84 through 89 show the hyetographs and hydro graphs from each of the six sampled
stonn events. Peak flows by event ranged from 0.3 cfs to 1.9 cfs. The peak flow of 1.9 cfs was
generated from approximately 0.35 inches of rain falling in a 15 minute time period. This
equates to a rain intensity of 1.4 inches per hours, which is equivalent to approximately one-half
the intensity of the I-year return frequency stonn for the City of Syracuse. As a frame of
reference the 4-ft diameter Downstream Defender(!) design flow rate is 0.75 cfs and the
maximum capacity is 3.0 cfs. The design flow of 0.75 cfs was exceeded during three of the six
sampled stonn events. As discussed in Section 4.3.1, a 4-ft diameter unit was installed so that
the design flow would be exceeded approximately once or twice a month for the purposes of
sampling the unit while it operated at or near the design conditions.

Figure 89 shows the hyetograph and hydro graph for event six as well as the influent and effiuent
solids concentrations observed for the samples taken during this event. Flows began at
approximately 9: 15 am on April 25, 2002. Sampling equipment was prepared and ready for
sampling in advance. Three influent/effluent sample pairs were taken at flow rates ranging from
0.4 to 0.75 cfs. As the first flows were observed, the first pair of samples were taken. As the
flow rate peaked to near the design flow (0.75 cfs) the second pair of samples were taken. The
third samples were taken on the falling limb of the hydro graph. Percent removal ranged from
26% to 93%. The first sample appeared to be representative of a first flush; solids concentrations
in the influent were the highest observed throughout the entire sampling program. The
corresponding percent removal was on the order of 93%. High percent removals are often
associated with the first flush because this flush conveys waters laden with heavy solids and
associated pollutants.

During events five and six floatable material (trash) was seeded into the influent. The floatable
material consisted of cigarette butts, food wrappers, Styrofoam cups and milk cartons. The
vortex unit was effective at removing this material; no seeded material was observed in the
effluent. During the cleanings that followed events five and six all the seeded material except for
the cigarette butts were recovered. This should not necessarily indicate that the unit is
ineffective at capturing cigarette butts. In fact, based on field observations, the unit does capture
cigarette butts, but because of their size finding cigarette butts during cleaning proved difficult.

On August 21, 2001 and September 3, 2002 solids were sampled from the sediment storage
sump of the Downstream Defender@. Nine percent of the material in the sump was characterized
as course sand, 53% of the material was characterized as medium sand and 38% characterized
was as [me sand, silt and clay. This suggests that the majority of the material influent to this
particular installation is medium sand and smaller and the material captured by this particular
unit ranges from coarse to [me sized sand and smaller. This is not to say this units captures
100% of any particular size material, but rather based on the contents of the storage sump it has
the ability to capture coarse to fine sized sand and smaller material.
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Also on September 3, 2002 samples from the sediment storage sump were collected and
analyzed for metals and phosphorus. These results are presented in Table 11. These results
show that there are pollutants such as metals and phosphorous associated with the types of solids
that the Downstream Defender(!) successfully captured. Pounds of associated pollutants were
calculated based on the total quantity of material (solids) captured by Downstream Defender(!)
throughout the duration of this study period and based on the assumption that this one sample
was representative of the total mass of material captured. Of particular interest was chromium,
cooper, lead and total phosphorus. Pounds of these pollutant removed during this study period
were estimated to be:

.

.

.

Chromium: 0.29 lbs
Copper: 0.141bs
Lead: 0.76 lbs
Phosphorus: 0.95 lbs *.

It is likely that the mass of phosphorus captured by the Downstream Defende~ was significantly
greater than 0.95 pounds. This is based on the fact that this sample represented solids captured
during the summer months when nutrient concentrations are assumed to be low. It is expected
that nutrient concentrations would be significantly higher if the sample were collected after the
heavy autumn leaf load. During cleaning after the fall seasons, heavy layers of leaf litter were

apparent.

Maintenance is key to success with any structural BMP designed to remove solids from
stormwater. Onondaga County removed the solids from the unit on an as needed basis. It was a
very simple operation with the vactor truck. Cleanout of the diversion manhole and the unit
itself took approximately 15 minutes, which included maneuvering the truck into position near
the unit, drawing material up with the suction pipe of the vactor truck and pressure washing the
solids from the bottom and sides.

7.2.1 Vegetative Filter Strip

The vegetative filter strip was monitored for roug1)ly five months from June 2001 until October
2001, during which time approximately 16.5 inches of rain fell. This equated to approximately
40,000 gallons of stormwater processed by vegetative filter strip.

The vegetative filter strip was installed in July of 2000. The vegetation was allowed to establish
itself for approximately one year before the evaluation began.

Water quality sampling was conducted on six stOrn1 events beginning in June of2001 and ending
in October of 2001. Table 12 shows the data collected during these sampling events. For half
the events sampled, the vegetative filter strip absorbed the storn1water and no effluent flow was
apparent. During the other three sampling events, rainfall and the resulting parking lot runoff
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were great enough to cause flow through the vegetative filter strip. It appears that the strip could
absorb about one inch of rain before effluent flow was apparent; this is equivalent to
approximately 3,000 gallons of stonnwater. The vegetative filter strip appeared to be effective
at removing solids during a flow through condition. However, concentrations of solids were
relatively low. It also appeared that the vegetative filter strip was acting as a nutrient reservoir;
releasing nutrients when stonnwater flowed through the strip. Again, the nitrogen and
phosphorus concentration in both the influent and effluent was very low. The source of the
nutrient reservoir was likely from the compost bedding established for seeding.

Maintenance on the vegetative filter strip is minimal. The grass is not cut; it is allowed to grow
to its natural length, which is about two to three feet. Garbage does collect in the filter strip and
maintenance crews pick up this garbage on a routine basis.
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Onondaga Lake Agreement, Nonpoint Source Environmental Benefit Project

8 LESSONS LEARNED

Lessons were learned during the implementation of BMPs on the fanns and in the urban settings
as well during sampling and monitoring of the BMPs. These lessons are discussed in the
following subsections.

Aericultural BMPs

This project provided a number of learning opportunities for the project team and the
participating fanns. The unique structure of the consent agreement made the funding and
implementation of the EBP unlike traditional water quality projects. For example, under this
project, only the most obvious water quality risks were addressed, which provided a very cost
effective approach to improving water quality. In more traditional water quality projects, each of
the identified water quality risks must be addressed before the project is considered completed.

Rohe Farm

Lessons learned at the Rohe Farm were largely positive. The cooperation of the manager/owner
led to the adoption of additional initiatives on the farm, including rotational grazing. This was
not included in the original EBP plan due to the need to focus on higher priority problems of
manure and barnyard management.

Better coordination with the Onondaga County Soil and Water Conservation District
(OCSWCD) may have helped the Rohe Farm qualify earlier for additional services. The District
had assumed that our planning process extended to BMP for field practices such as nutrient
management planning and erosion control. However, the EBP was designed to focus on
farmstead sources of nutrient pollution to Harbor Brook. Since improving our communication
with the OCSWCD, the Rohes are now scheduled to have a nutrient management plan developed
through the District in the next two years.

At a review meeting of EBP progress in November 2000, the possibility of involving the
OCSWCD in the maintenance and operation of the project was discussed. District technicians
have an ongoing relationship with the farms in the county and will likely interact with the
farmers on a continual basis over a course of many years.

It is unlikely that District technicians would have been able to provide extensive background
research, alternative strategies, engineering design and reporting in the time allotted this project
due to District staff constraints. However, they are capable of integrating the privately
implemented improvements into their "Whole Farm Approach" for future District activities with
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Onondaga Lake Agreement, Nonpoint Source Environmental Benefit Project

that particular faml.

Greater coordination between the EBP project team and the OCSWCD occurred after the
November 2000 meeting. Project information has been shared with OCSWCD staff for purposes
of assisting cooperating farms on various District-led projects including whole-farm planning,
nutrient management planning and permit assistance for the Confined Animal Feeding Operation
(CAFO) program. The District has been better able to perform need assessments and plan
additional services for these farms. The groundwork has been laid for further collaboration on
water quality protection projects in the Onondaga Lake watershed. A preliminary agreement has
been reached for partnering efforts on the proposed EBP project extension.

Future improvements at the Robe Farm may include:

1. Nutrient management plan - this practice would assist the fann in managing its nutrient
inputs, outputs and cycling on the fields. Application of nutrients in the form of manure
and compost, when done at balanced and budgeted rates, would help to prevent the
transport of nutrients such as phosphorus and nitrogen into surface waters of the

Onondaga Lake watershed.

2. Manure and farm waste storage/composting area - this practice would allow a more
accessible location to store and/or compost manure, spent bark and waste feed from the
improved barnyard area, new manure basin and the existing manure handling shed.
During winter months and wet, muddy field conditions, raw manure could be stored until
field conditions are more favorable.

Oil-free vacuum pump - installation of this type of pump would eliminate the drip of oil

into rainwater collection from barn roof.
3.

8.1.2 Guptill Farm

The Guptill Fann provided lessons learned with regards to BMP planning, implementation and
management on a fann that is undergoing a shift in business approach. The Guptill Fann was
known to be changing in some aspects when the project was initiated, and represented a
relatively common scenario in area farms; a recently retired dairy fann was being adapted to
other fann activities including raising beef cattle, boarding heifers, raising feed crops,
composting and market fanning. At the same time, the fann was transitioning to organic
fanning and represented a greater sensitivity to the environmental impact of the fann operation.
This translated into greater receptivity to changes in management practices on the farm that
would lead to water quality improvements.

The first set of proposals was readily accepted with good feedback on the design of BMPs that
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Onondaga Lake Agreement, Nonpoint Source Environmental Benefit Project

would lead to improvements in reducing runoff while improving the efficiency of animal
movement and feeding and cleaning of high traffic areas. An adjustment was made in the water
supply to animals on the feeding pad and in rotational grazing paddocks. The modified water
supply would allow the animals to be excluded from the stream and riparian area, thereby
reducing streambank erosion and direct nutrient inputs. Further, the feeding area was to be
relocated from a terrace near the stream to an impervious surface several hundred feet from the

stream.

Originally the plan included the development of an onsite spring to supply the water to the
animals, a common BMP in this scenario. It was learned that the Town of Onondaga would be
installing a municipal drinking water supply line on the roadside edge of one boundary of the
fann. It was detennined that investing in the construction of a supply line from the municipal
source would provide a more reliable source of water to the feeding pad and new grazing
paddocks. This increased the BMP item cost by approximately $4,000 or about 50%. The
fanner agreed to match $2,000 of this additional cost since the municipal water supply would
benefit the farm in multiple ways, including flexibility in future options in managing livestock,
the compost site and other fann activities. The end result of the flexibility was a solution that
met the fanner's needs and adequately met the BMP requirements and gave greater future options

to the fann owner.

Another lesson learned is related to design of the feeding pad. The impervious surface met the
needs of eliminating soil erosion from heavy animal traffic, controlling runoff to the bark filter
and facilitating equipment operation for feeding and cleaning. The feeding pad was not covered
with a roof and therefore the feed trough was occasionally saturated during heavy rains. A small
roof or single pitched cover could prevent feed loss and even reduce the amount of nutrients in
runoff by eliminating leaching of nutrients from the feed. If the roof was limited to the area of
the feed trough, it could be constructed inexpensively and not restrict the access of equipment.
The Guptill Farm ultimately intends to construct this improvement as time and resources become

available.

Future improvements at the Guptill Farm may include:

Nutrient management plan - this practice would assist the farol in managing its nutrient
inputs, outputs and cycling on the fields. Application of nutrients in the fonn of manure
and compost, when done at balanced and budgeted rates, would help to prevent the
transport of nutrients such as phosphorus and nitrogen, into surface waters of the

Onondaga Lake watershed.

Manure and fann waste storage/composting area - this practice would allow a more
accessible location to store and/or compost manure, spent bark and waste feed from the
newly constructed barnyard and the existing freestall barn. During winter months and

2.
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Onondaga Lake Agreement, Nonpoint Source Environmental Benefit Project

wet, muddy field conditions, raw manure could be stored until field conditions are more

favorable.

8.1.3 Leubner

The Leubner Fann presented the most challenging tasks in several respects. First, the layout of
the farm was the most complex, with drainage pipes, water and waste sources coming from a
series of locations and a large volume of polluted runoff leaving the farmstead. The management
structure of the Leubner Family Farm was also unique with Fred Leubner as elder and primary
decision-maker. Four children were also managing fann operations and making decisions on
farm improvements. The timing of the EBP coincided with a major expansion of the milking
herd on the fann. A modem milking parlor was built as well as a 400-head freestall and 60-stall
hospital. These modifications and management changes in fann labor were a large investment of
time and money for the Leubner Family. At the same time, there were areas related to manure
and feed management that did not receive adequate attention and were liabilities to the farm,
including nutrient and solids loading to a roadside ditch, aesthetics and runoff.

The project field team identified the various point locations for nutrients, direction and quantities
of flows and methods for diverting clean water from mixing with process water. The lack of a
detailed farmstead map including underground pipes and drainage tile necessitated the formation
of a new map, much like the other fanns in the EBP. However this map was considerably more
structurally intensive, required numerous interviews with the Leubners, necessitated several
revisions and took a large amount of time to produce. In the end, this effort was still inadequate
as the information garnered incorrectly predicted the high volume of water that would flow into

the designed treatment areas of the bark bed filters.

The failure of the field team to be consistently onsite during the initial phases of construction
allowed for some practices to be constructed undersized and at the wrong location. Furthermore,
a brief dry spell during construction misrepresented the amount of water that had been flowing
before and after construction. Consequently, the bark filter beds were sized too small.

The operation and management of the bark filter beds in relation to the ongoing management of
the manure-loading ramp was an additional issue. Runoff into the barn, infrequent barn cleaning
and overloading of the manure spreader contributed to the overflow of the manure handling ramp
and manure spreader at multiple locations. This was simply a continuation of the old practices
with the newer structures. A draft operation and maintenance plan developed for the Leubners
had not been shared with the family member who managed this portion of the farm operation.

8-4MOFFA and ASSOCIATES
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Lessons learned in this case were:

The value of identifying drainage patterns and remedial measures.

The need to provide continuous onsite construction inspection.

The importance of communication among the farm operators.

Future improvements at the Leubner Farm may include

Concrete stabilization with concrete around manure pumpout locations for veal calf barn
and dairy cow freestall barn.

High strength silage leachate storage - this practice would intercept silage leachate from

bunk silo before it enters the bark filter and vegetative filter strip. The leachate could
then be applied to fields, thus diluting its impact on vegetation. This storage could be
combined with manure storage from the freestall barn where the milking cows are kept.

2

3. Manure and fann waste storage/composting area - this practice would allow a more

accessible location to store and/or compost manure, spent bark and waste feed from
barnyard areas and the existing heifer barns. During winter months and wet, muddy field
conditions, raw manure could be stored until field conditions are more favorable.

4. Nutrient management plan - this practice would assist the farm in managing its nutrient
inputs, outputs and cycling on the fields. Application of nutrients in the form of manure
and compost, when done at balanced and budgeted rates, would help to prevent the
transport of nutrients such as phosphorus and nitrogen into surface waters of the
Onondaga Lake watershed.

8.2 Urban BMPs

8.2.1 Storm water Vortex Unit

The Downstream Defender@ worked as expected; it was easy to maintain, it collected coarse,
medium and fine-sized grit and trash. Nutrient reductions were relatively low, most likely due to
low influent nutrient concentrations. Maintenance is key to the successful operation of such
equipment because once the unit's sediment storage sump is full, a reduction in removal efficacy
is possible due to the increased risk of re-entrainment of solids deposited within the zone above
the shielded sediment storage sump. Ideally a six-foot diameter unit should have been installed;
however due to budget constraints and sampling objectives, as described in Section 4.3.1, a four-
foot diameter Downstream Defender@ was purchased and installed Regardless of the size of the
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unit, site-specific conditions should be evaluated based on the maximwn depth of excavation or
depth of unit. If a larger (i.e., deeper) swnp can be installed, this would increase the volwne for
solids storage and therefore reduce the amount of maintenance or clean-out trips. A cost analysis
should be performed comparing the expense of deepening the swnp versus the outlay incurred by
additional maintenance time.

Vegetative Filter Strip

The vegetative filter strip generally worked as expected; it was easy to maintain and it absorbed
much of the runoff from the parking lot. However, the export of nutrients was unexpected. This
was likely apparent because of the very low concentration of nutrients influent to the vegetative
strip. It should be recognized that an importation of nutrients, through fertilizers or compost, is
required to establish vegetation and these strips may have the potential to export nutrients once
established. Trash control is also an important maintenance issue when dealing with the
vegetative filter strips. They tend to collect trash within the vegetation quickly and can look
unmaintained if trash collection is not performed on regular basis. The Burnet Park Zoo
personnel regularly cleaned trash from the strip.

Siting a vegetative filter strip is challenging due to the size of the land required to provide
adequate treatment. Retrofits of this treatment alternative may prove difficult, but new
construction under the new stormwater regulations may find many advantages of this alternative
including increasing green space and reducing stormwater volume through in~ltration.

Sampliol! and Monitorine: BMPs

8.3.1 Agricultural Sampling and Monitoring

In the agricultural setting, BMP effectiveness was evaluated by measuring water quality in the
receiving water immediately downstream of the farmstead where the BMPs were implemented.
In the case of the Rohe and Leubner farms, water quality samples were collected from
intermittent streams. The flow regime of the stream can have a significant impact on how the
pollutants are discharged into the watershed and how they should be measured. For example, it
is likely that at the Rohe and Leubner farms pollutants moved from the farmstead into the
intermittent streambed throughout the summer and fall (low to no flow scenario), and remained
resident in the streambed adjacent to the farmstead until enough flow was present to convey the
pollutants downstream. During major sustained rain events and the spring snowmelt period, the
accumulated pollutant would become flushed from the streambed and carried down into the
lower lying areas of the watershed. This in affect results in pulses of pollutants rather than a
continuous source of pollutants. In terms of environmental sampling and monitoring the latter

MOFFA and ASSOCIATES
A "/tit of Brow/t l1li4 Gz/dweJl

8-6



Onondaga Lake Agreement, Nonpoint Source Environmental Benefit Project

(continuous source) is preferred because pollutant loads can be measured more accurately with
routine sampling. fu the case of non-continuous sources of pollutants, or pulses of pollutants, the
relationship between flow and pollutant flushing most be understood, and a sampling and
monitoring program most be designed to capture a range of flow and pollutant flushing
scenarios. The original sampling and monitoring program for this project included routine
sampling once per month; however, based on the flow regimes at the Rohe and Leubner farms it
was changed to sample wet-weather events on a once per month frequency and more frequently
sampling during the spring runoff period and.

8.3.2 Urban Sampling and Monitoring

In the urban setting, specifically with regards to the stonnwater vortex unit, measuring solids
presented challenges in tenns of both sampling and laboratory analysis.

The originally proposed sampling procedure relied on the use of a submersible pump to draw
stonnwater from the sewer to the street level where sample bottles could be filled. When
selecting the pump, factors such as pumping power and transport velocity were considered. It is
important that the pumping power provide a transport velocity sufficient enough to keep solids in
suspension, otherwise the solids in the stonnwater will not be drawn with the water to the
sampling location. An additional concern with pumping stonnwater for the purpose of solids
sampling is the issue of solids maceration; submersible pumps can break large solids apart and
bias the analytical results. After discussions with the stonnwater vortex manufacturer, it was
decided not to use the pumps, but instead use a US DH-8IA sampler, which was specifically
designed for sampling sediment in flowing water. A photo of the US DH-81A sampler is
illustrated in Figure 39.

The US DH-81A sampler was used during the first five events, but concerns developed regarding
the representativeness of the samples. The US DH-81A sampler is essentially a sample bottle
with a specially designed nozzle that allows the bottle to be oriented in a horizontal position
without losing the sample. Both the bottom of the sample bottle and the nozzle create increased
flow pressure, which results in water flowing around the sample bottle and not into the bottle. As
a result of the concern that the US DH-81A sampler was not taking representative samples of the
sediment load, a Van Dorn sampler was used to sample during the last event. The Van Dorn
sampler is illustrated in Figure 40.

The Van Dom sampler is essentially an open tube that has two end caps that can close
instantaneously. When using in a stonn sewer, the end caps are in the opened position allowing
water to flow freely through the tube. The end caps are then closed, trapping a sample of water
within the tube. This appears to have an advantage over a sample bottle because significant
pressure increases are not induced. h1 comparison to the submersible sampling pumps, transport
velocity and solids maceration are no longer issues.
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The originally proposed solids analysis was Total Suspended Solids (USEPA 160.3). However
this analysis was changed to reflect the industry's new understanding of laboratory bias (USGS,
2000) with respect to heavy solids and the TSS analysis. In general, the original TSS analysis
allowed the laboratory to spilt the primary sample for the purpose of performing the analysis
with a single filter of size 24 or 42 rom. Research has shown that splitting stormwater samples
with heavy solids can bias the TSS results downward by as much 50% (USGS, 2000). The new
TSS method (also know as ASTM 3977 Suspended Sediment Concentration) required the
laboratory to filter the entire sample and not take a split or sub-sample. It appears that the
ASTM 3977 Suspended Sediment Concentration has an advantage over the USEPA 160.3 Total
Suspended Solids method because it eliminates sampling splitting; in general the less a sample is
handled and manipulated the more representative it is. Because federal and state effiuent
discharge permits are written to include USEPA 160.3 Total Suspended Solids, both of these
analyses should be run simultaneously until enough data are collected to the presence or absence

of laboratory bias.
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9 TRANSITION FROM ROUND 1 TO ROUND 2~~- -

The agricultural EBP sampling approach yielded data that provided only a first-order
approximation of fannstead runoff before and after BMP implementation; prior to this sampling
program there were no such site-specific data available for fannstead runoff available in
Onondaga County. The sampling approach was consistent with budgetary constraints, which
allotted 85% of the budget to BMP implementation and the remaining 15% to sampling and
monitoring, laboratory analyses, data analyses, meetings and reporting.

At the conclusion of the first phase, it was agreed that there was a need for more site-specific
water quality data. Therefore, a second phase of the EBP is being implemented. These separate
phases will herein be referred to as Onondaga Lake Nonpoint Source Environmental Benefit
Project Round 1 and Round 2. The purpose of Round 2 is to undertake additional monitoring in
order to provide more substantial data from a lengthier monitoring period to better assess the
effectiveness of the selected agricultural BMPs and their impact on water quality in the receiving
waterbody. Round 2 is to be consistent and compatible with Round I and to be treated as an
amendment to the previous work.

A major element of the work in Round 2 is to undertake additional monitoring of the types of
agricultural BMPs implemented during Round 1 to provide more substantial data from a longer
monitoring period in order to better assess the utility of the selected agricultural BMPs and their
impact on water quality in the receiving water body. The proposed monitoring and sampling
period is a full two years. This two-year period does not include the construction period, which
may take three additional months.

Monitoring and sampling will be performed on structural and soil management BMPs used for
controlling or preventing nutrient-laden runoff from agricultural practices. Whereas the
structural BMPs are physical structures such as implemented in Round 1, soil management
BMPs are operational practices pertaining to crop field management to reduce nutrient runoff
(for example, modifying the timing and amount of manure application).

Two fanns are being considered for the additional monitoring and sampling effort, the Rohe
Farnl and the Bloom Fann. The Rohe Farnl participated in Round I and the OCSWCD
recommended the Bloom Fann as a location to sample a bark filter system used to treat milk
parlor waste. The location of these fanns is shown in Figures 93 and 94.

Monitoring and sampling at the Rohe Fann will include both structural and soil management
BMPs while monitoring and sampling at the Bloom Fann will include only structural BMPs. At
the Rohe Fann, a 20-acre cornfield will be divided into two equal! a-acre plots. One plot will be
managed as is currently practiced and the other plot will be managed per recommendations from
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the OCSWCD with respect to manure and fertilizer applications. Tile drain will be installed in
these plots for the purpose of monitoring and sampling water quality. The outlet of these tile
drains will not discharge directly into the creek as is typical but rather discharge into a bark filter
or vegetative filter strip for treatment. The bark filter or vegetative swale will be monitored and
sampled as a structural BMP. At the Bloom Farm a milk parlor treatment system recently
constructed by the OCSWCD, consisting of a solids separation tank and bark filter, will be
monitored and sampled. The bark filter at the Bloom Farm is a subsurface system; it receives
flow from drain tile that are installed within the bark media. This differs from the bark filters
that were installed as part of Round I, which were hydraulically loaded from the surface. The
function of the Round I surface bark filters was to trap solids on top of the bark media and
provide some treatment of the runoff resident in the bark media. The intent of the subsurface
bark filter is to percolate water into the ground and provide some treatment of the water resident
in the bark media.

The project is proposed to begin in the spring of 2002 with approximately three months of
construction. Once the construction is complete, two full years of monitoring and sampling will
be undertaken. It is anticipated that two years will provide ample time and rainfall to sample
nine wet-weather events.
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10 CONCLUSIONS

10.1 A2ricultural BMPs

The fannsteads appear to be a genuine source of nutrient pollution that can be practically
removed from the Onondaga Lake watershed in terms of quantity and cost effectiveness.

Improvements in manure handling and animal-pasturing practices provide a significant reduction
in nitrogen and phosphorus loadings to receiving waters. Re-engineering existing practices and
providing training in the new practices to the farmer lead to such improvements.

Creating buffer zones between the receiving waters and active livestock areas and manure
handling stations provide a significant reduction in nitrogen and phosphorus loadings to
receiving waters. Creating buffer zones require less structural amenities than manure handling
station improvements, thus cost less.

Based on the three farnls studied during this project, using first-order approximations, total
phosphorus and TKN reductions as a result of BMP implementation ranged from 400 to 1,000
pounds and 900 to 8,200 pounds, respectively. Percent removals ranged from 55% to 70% for
total phosphorus and 50% to 79% for TKN.

Potential nutrient reductions from the other 50 farms in the Onondaga Lake watershed without
BMPs equate to approximately 20,000 to 50,000 pounds per year of total phosphorus reduction
and approximately 45,000 to 410,000 pounds per year ofTKN reduction. Assuming that 50% of
the TKN is arnmonia-N, than there is approximately 22,500 to 205,000 pounds per year of
potential amrnonia-N reduction. As a frame of reference, based on current Metropolitan Sewage
Treatment Plant (METRO) upgrade plans, the potential total phosphorus reduction at METRO is
66,500 pounds per year and the potential arnmonia-N reduction is 550,000 pounds per year.

The cost of BMP construction and implementation on each fann was approximately $45,000.
This equates to approximately $45 to $112 per pound of total phosphorus removed per year and
$10 to $100 per pound of ammonia-N removed per year. It is important to note that these figures
do not include cropland loads, which will be addressed in Round 2. As a frame of reference,
Onondaga County is investing approximately $125 million (1997) at METRO for phosphorus
and ammonia removal during the period from 1996 to 2015. This equates to approximately
$1,900 per pound of total phosphorus removed per year and $230 per pound of ammonia per
year.

It appears that removal of nutrients, in particular phosphorus, at the fannstead may be more cost
effective than removal of nutrients at METRO, but several other factors, such as relative quantity
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of nutrient, transfonnation and availability of phosphorus as it moves from the fannsteads to
Onondaga Lake, proximity of pollutant source to Onondaga Lake, and longevity ofBMPs should
be considered.

10.2 Urban BMPs

The costs of the urban stonnwater vortex unit and vegetative filter strip were $34,000 and
$6,000, respectively. The cost difference reflects the degree of capital improvements involved.

The urban BMPs were effective at removing solids from stormwater, but not at removing
nutrients. This is likely due to the low concentration of nutrients influent to these BMPs. This
may suggest that in certain urban environments, such as parking lots and city streets, nutrient
runoff is not a priority pollutant.

The stonnwater vortex unit worked as expected; it was easy to maintain and it collected coarse,
medium and fme sized grit (4.75 mm to .075 mm) and trash. The stonnwater vortex unit
removed approximately 0.14 cubic feet and 6 lbs of material per 1,000 gallons of stonnwater
processed. The water quality-sampling program had limitations because the original sampling
equipment and laboratory analysis were not appropriate for stonnwater with coarse and medium
sized grit content (> 0.15 mm).

The vegetative filter strip generally worked as expected; it was easy to maintain and it absorbed
much of the runoff from the parking lot. However, it was a source (i.e., exporter) of nutrients.
The source of the nutrients was likely the compost used to fertilize and establish vegetation. In
light of the fact that the effluent nutrient concentrations were low as compared local receiving
water concentrations, the increase in nutrients from influent to effluent was likely apparent
because of the very low influent concentrations. The vegetative filter strip, which was
approximately 150 square yards could absorb approximately 1.0 inch of rain before runoff
exceeded its infiltration capacity.
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11 RECOMMENDATIONS

11.1 A2ricultural BMPs

County agencies should continue funding BMP implementation on agricultural lands.
Communication between county agencies such as the Soil and Water Conservation District and
the Department of Water Environment Protection is critical to coordinate these future efforts and
insure their success.

The most. significant. fIrst steps that can be completed on a faml relate to abatement of point
sources originating from manure handling and pasturing practices. However, a Whole Plan
Faml, which assesses all point and nonpoint water quality risks should be completed.

Water quality data collection was limited due to the scope of work. To improve upon this
sampling approach, a multiyear program could be implemented to increase the probability of
comparative pre- and post-sampling years. Additionally, for an improved water quality-
monitoring program, farm setting and hydrologic relief should be set as apriority.

Additional work to project watershed benefits from agricultural BMP implementation should be
completed. This work may include monitoring and sampling before and after BMP
implementation for a long duration of time. This work may also include monitoring and
sampling as well modeling to better understand the fate of the phosphorus as it moves from the
upper reaches of the watershed into Onondaga Lake.

11.2 Urban BMPs

Stonnwater vortex units should be installed at selected points in the urban setting to capture
solids and trash. Nutrient capture may be limited due to the relatively low concentrations in the
runoff from parking lots and city streets.

Consideration should be given to maximizing the size of vortex sediment storage sump to
maximize storage and thereby reduce maintenance frequency. A cost analysis should be
performed comparing the expense of deepening the sump versus the costs incurred by additional
maintenance time.

Retrofitting a vegetative filter strip into an existing urban setting may prove difficult to site.
However, constructing strips in new developments may provide many advantages including
increasing green space and reducing stonnwater volume through infiltration.

Measuring solids in stonnwater samples presented some challenges both in terms of sampling
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and in analytical procedures. In the future, when heavy solids in storm water are an issue it is
recommended that a volume sampler (e.g. Van Dom sampler) be used. Analytical procedures
should also be appropriate to quantify the heavy solids.
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cc:File

Date: 12/1/99From: John LaGorga

SW flow through treatment device File: 152.01RE:

A stormwater flow-through treatment device will be installed and evaluated as part of the

EBP. The main objective of installing this type of device is to remove gross solids and

coincidental nutrients from stormwater. This device will be installed on East Seneca

Tumpike, two blocks east of South Salina Street.

The following five devices were evaluated:

HIL Technologies (Downstream Defender).

Stormceptor.
Vortechnics.

CDS Technologies.
Stonnwater Management.

The Stormwater Management device was eliminated at the beginning of the selection

process because it is a filter system that is designed to remove pollutants such as nutrients.

The other devices are specifically designed to remove grit, floatable debris and oil.

Additionally, the capital cost and O&M costs for this device are greater than the proposed

budget.

Based on conversations with the manufactures and review of the manufactures'

engineering catalogs, the HIL Technologies Downstream Defender was selected as the

most appropriate device for the EBP. Table 1 illustrates the selection process evaluation.

The Downstream Defender is one of the simplest and least expensive, yet effective devices.

The Downstream Defender utilizes '"vortex" action to remove solids; many of the other

devices do not. The Downstream Defender also has one of the smallest facility footprints;

vortex units generally handle larger flow volumes per unit size.

~"*OO ao:FA & ASSOCI.A.TES
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Joyce W. Parker
Deputy City Clerk

John P. Copanas
City Clerk

OFFICE OF THE CITY CLERK

Roy A. Bernardi, Mayor

July 18, 2000

Peter Moffa
Moffa & Associates
Consulting Engineers
PO Box 26
Syracuse, NY 13214

Dear Mr. Moffa:

Enclosed please find a certified copy of Ordinance No. 327 adopted by the Syracuse
Common Council on July 10, 2000, and signed by the Mayor on July 12, 2000.

Ordinance No.3 27 granting permission to Moffa and Associates to construct and install a
specially manufachlred srotmwater manhole and ancillary struchlres in the City's sewer system
within the City right-of-way at 134 East Seneca Turnpike for the purpose of improving water quality
in Onondaga Creek alJd Onondaga Lake.

Please JXlY partiCldar -attention to stipulation no. 8 stating that Moffa and Associates shall
file with the City Clerk written acceptance of this ordinance and its terms, conditions and provisions,
within (30) thirty days from the adoption of this ordinance. Such acceptance shall constitute an
agreement by Moffa and Associates to abide by the terms and con4itions of this ordinance.

Any permits necessmy relative to the establishment can be obtained by presenting this Cl:fJY
of the Certified OrdinallCe to the proper officials ct City Hall Common..\'.

As always, if you have any questions or require additional information, please do not
hesitate to contact me at 448-8217.

Ikh
enclosures
palordno.327.z.t

231 CITY HALL. SYRACUSE. N.Y. 1320'2 . (315) 448-8216 . FAX 448-8489
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MOFFA & ASSOCIATES
CONSULTING ENGINEERS
5710 COMMONS PARK
P.O. BOx 26
SYRACUSE. NY 13214
(315) 449-3010

June 22,1999

Anne Baker
Zoo Director
Burnet Park Zoo
Onondaga County Parks
One Conservation Place
Syracuse, NY 13204

Re: Vegetative Strip for Nonpoint Source Pollution
from Burnet Park Zoo Parking Lots

Dear Mrs. Baker:

Thank you for taking the time to meet with us yesterday regarding the above referenced
best management practice. We were pleased with your enthusiasm towards the project.
The purpose of this letter is to present a brief background of the project and request your
approval to implement and monitor a vegetative strip at the edge of Parking Lot 2. The
vegetative strip will be designed to treat stormwater runoff from a portion of this parking
lot.

The proposed work will be performed by Moffa and Associates Consulting Engineers
and administered through. the Central New York Regional Planning and Development
Board as part of the Onondaga Lake Watershed Nonpoint Source Environmental Benefit
Project (EBP). The Onondaga Lake Watershed Nonpoint Source EBP is part of the
1997 Consent Agreement that was signed by Onondaga County I NYS Department of
Environmental Conservation (DEC) and Atlantic States Legal Foundation (ASLF). This
agreement is intended to remedy continuing sources of pollution to Onondaga Lake and
bring the lake into compliance with the Federal Clean Water Act by 2012. W1ile the
majority of the $370 million committed to this project will be used for improving the
METRO wastewater treatment plant in Syracuse and for reducing combined sewer
overflows, a small portion of the funds are targeted towards the Onondaga Lake
Watershed Nonpoint Source EBP which includes the implementation of agricultural and
urban best management practices.

The present plan calls for designing and implementing a vegetative strip as part of the
urban best management practices during the summer of 1999. Please refer to the
attached figure for a conceptual drawing of the intended vegetative strip. The vegetative
strip will be designed to accept stormwater runoff from a portion of the southeast section
of Parking Lot 2. Implementing the vegetative strip will likely entail removing the existing
cobble stone stormwater conveyance system and replacing it with fill/top soil and native
grasses. Some regrading of the existing conveyance system will be required. Efforts
will be made to retain the exjsting trees. If this is not successful, then the trees will be
replaced. The design will be limited to the area currently occupied by the existing
conveyance system and will not intrude on parking spaces.



Once tt1e wgemtive strip is Knplemented. it wiD be alkMoed to est8JIish itself for
8W"'ximateiy % year before nD1ik)ring begm. Monitoring is sd'Ieduled to take place
during U1e spring, summer and fall of 2(XX). Six raimtDm1Water ruooff ewnts WIll be
monitored during this time. A final report on the effectiveness of tt1e best management
practices, results of the monitoring, and yoor itK)l91fs regarding the operaOOn aoo
maintenance issues of the best management pradices, M)Ukf be completed in the
summer of 2001. The most oovious maintenance issue is that of cutting the grass. It
would be most CtX1Wnient if Onondaga County would take responsibility for this activity
during their routine grass a.rtting duties at the zoo.

Prior to beginning any physical site work, we will confirm the nature of the work, time and
location with you and your office. It would be helpful if you could provide the stormwater
plans for the existing parking lot prior to design.

We look forward to working with you and having the opportunity to make improvements
at the Burnet Park Zoo with the intent to improve water quality. If this is acceptable and
you are willing to participate in this project, please co-sign this letter and return one
copy.

Very truly yours,

Burnet Park Zoo
Onondaga County Parks

MOFFA & ASSOCIATES

~;,t:11
Principal

Anne Backer
Zoo Director

Attachment

cc: Benjamin Manton
Brian Jerose

M9FFA & ASSOCIATES
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